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SUMMARY
The re a c tio n s  o f s a lts  o f a group o f re la te d  carbon acids  w ith  nucleo­
p h ile s  have been in v e s t ig a te d . These acids  were tricyanom ethane, 
dicyanoacetam ide and J^-substitu teri dicyanoacetam ides, and e s te rs  o f 
d icyan o acetic  ac id  and d ic y a n o th io la c e tic  a c id .
Amines added to onG of the cyano groups to  g ive N -s u b s titu te d  d e r iv a t iv e s  
of 1 , 1 -d iam in o eth y len es . Hydrogen c h lo r id e  gave 1 -a m in o -1 -c n lo ro -  
eth y le n e s , which reacted  w ith  a lcoho ls  to  g ive  1 -a lk o x y -1 -am in o e th y len e s . 
Hydrazines added to two cyano groups to g ive 3 , 5 -riiam in o p yrazo les , 
except w ith  h yd ro xy im in o m alo n o n itrile ,' which decomposeo. The i n i t i a l  
products o f re a c tio n  w ith  o-phenylenediam ines g e n e ra lly  c y c lis e d , w ith  
loss  o f ammonia, to  g ive  b en zim id azo lin es . The products o f re a c tio n s  
w ith  a n th r a r ii l ic  ac id  c y c lis e d , w ith  loss  o f w a ter, to  g ive  4 -(lH _ )-  
q u in azo linones .
For comparison, 1 -a lk y lam in o -1 -a ry la m in o e th y le n e s  were prepared by a 
tw o-step  syn thes is  from b is -(m e th y lth io )-m e th y le n e  d e r iv a t iv e s  o f malono- 
n i t r i l e ,  cyanoacetamide and cyanoacetic  e s te rs .
5 -A m in o -1 -m eth y l-3~ m eth y lth io , and 3 -a m in o -1 -m e th y l-5 -m e th y lth io ,  
p y ra z o le -4 -c a rb o n it r ile s  were prepared from m ethyl hydrazine  and 
b is -(m e th y lth io )-m e th y le n e m a lo n o n itr ile , which was also  used to  prepare  
1 -a lk y l-3 -a m in o -5 -a lk y la m in o p y ra z o le -4 -c a rb o n itr ile s  by a th re e -s te p  
syn th es is . These pyrazo les  reacted  w ith  ac id  c h lo r id e s , fo llo w ed  by 
aqueous a lk a l i ,  to  g ive 3 -m e th y lth io -, and 3 -a lk y la m in o -, 5 H -p y ra zc lo - 
(3 ,4 -d )-p y r im id in -4 -o n e s .
The 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n .itr ile s , prepared from hydrazines and 
tricyanom ethane, reacted  w ith  c a rb o x y lic  a c id s , or acid  c h lo r id e s  
fo llo w ed  by aqueous a lk a l i ,  to  g ive 3 -a m in o -5J H -p yra zo lo -(3 ,4 -d )-p y rim id in - 
4-ones. The 3 , 5 -d iam inopyrazo le -4 -carboxam ides, prepared from h ydrazines  
and d icyanoacetam ide, reacted  s im ila r ly  w ith  c a rb o x y lic  a c id s . U s u a lly , 
i f  1 -a lk y lp y ra z o le s  were used, 2 -a lk y lp y ra zo lo p y rim id in o n e s  were formed, 
ra th e r  than the 1 -a lk y l  isom ers. The s tru c tu re  o f one such p ro d u ct,
3 -a m in o -6 - ( l , 1 -d im e th y le th y l) -2 -m e th y l-5 H -p y ra z o lo -(3 ,4 -c j) -p y r im id in -
4-one, was proved by-X -ray  c ry s ta llo g ra p h y . The s tru c tu re s  o f b th e r  
p yrazo lopyrim id inones were es tab lis h ed  by analogy and comparison w ith  
th is  one.
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INTRODUCTION
Most o f the work described in  the fo llo w in g  pages has centred  upon the  
re a c tio n s  of strong carbon-ac ids  re la te d  to  tricyanom ethane. Many such 
compounds have been known fo r  a long tim e , but th e re  have been few 
re p o rts  o f t h e i r  use as synthons.
They are  t r is u b s t i tu te d  methanes in  which the  s u b s titu e n t groups are  
s tro n g ly  e le c tro n -w ith d ra w in g  and ab le  to  s ta b i l is e  a n eg ative  charge by 
d e lo c a lis a t io n . These groups are re a c tiv e  groups, l i k e  n i t r i l e  and 
carbonyl fu n c tio n s , so m olecules w ith  th re e  o f them attached  to  one 
carbon atom are  id e a l s ta r t in g  m a te ria ls  fo r  a wide range o f a l ip h a t ic  
and h e te ro c y c lic  d e r iv a t iv e s .
The re a c tio n s  described i l lu s t r a t e  the  p o te n t ia l  o f tricyanom ethane  
and re la te d  compounds as synthons. The carbon acids and t h e i r  s a lts  
are described b r ie f ly  and then the re a c tio n s  o f s a lts  o f tricyanom ethane  
are discussed. A fte r  th a t ,  the re a c tio n s  o f the o th er ac ids  and t h e i r  
s a lts  are  described in  terms o f th e ir  s im i la r i t y  to ,  or d if fe re n c e  from , 
those o f tricyanom ethane.
A number o f pyrazo lopyrim id inones -  prepared from d e r iv a t iv e s  o f tr ic y a n o ­
methane -  showed u s e fu l h e rb ic id a l p ro p e r t ie s . They are  described in  
more d e t a i l  in  separate  chapters .
I . Acids and S a lts  R elated  to Tricyanomethane
The fo llo w in g  s a lts  have been prepared:
CN
M+ . l— CONHEt
• I 
CN
(4 )
CN
+ I
M ."^ -C 0 2Ph 
CN
( 8 )
-  where M' rep resen ts  a m e ta l, or a s u b s titu te d  ammonium, io n , and 
R rep resen ts  CN, C0NH2 , CO^Me or CC^Et, and:
1 «* 11 a: M = H
1 - 9  b: M = K
10 b: M = Na
The carbon d is u lp h id e  d e r iv a t iv e s  (1 1 ) were in te rm e d ia te s  in  s p e c if ic  
syntheses described in  .Chapter V I.  T h e ir re a c tio n s  have not been 
compared w ith  those o f o th er members o f the group and they are  inc luded  
in  the above l i s t  only fo r  the sake o f completeness.
The s tru c tu ra l  fe a tu re  common to compounds in  th is  group, and resp o n s ib le  
fo r  th e ir  s im i la r i t ie s ,  is  the presence o f th re e  e le c tro n -w ith d ra w in g  
groups capable o f s ta b il is in g  a n egative  charge by d e lo c a lis a t io n ,  
attached to  the  same, t e r t ia r y  carbon atom.
Compounds 1, 2 , 5 , 7 , 10 and 11, or the re la te d  a c id s , have a l l  been 
reported  in  the  l i t e r a t u r e .
Tricyanom ethane, o r ig in a l ly  c a lle d  cyanoform, has been known fo r  more
18than a hundred years . In  about 1866, F a ir le y  rep o rted  th a t  he had 
heated chloroform  w ith  potassium cyanide in  e thano l a t  100°, under
^N CN (j)N
CN M+ . "C— C0NH2 M+ . “C— CDNHMe
CN An An
(1 )  (2 )  (3 )
CN CN
^ '2 '
1 + 1 ‘^-C0Nlvle2 n .“ y-([''T.~C-C0NHPh lYl+ .~C- „ IV C CG0 E t
CN CN CN
(5 ) (6 )  (7 )
CN CN
M . “ C-COSEt M .“ C-NO M . C~C
An CN r \ s~ . m"
(9 )  (1 0 ) (1 1 )
pressure , and obta ined a viscous mass which may have contained tr ic y a n o -
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methane. Pfankuch repeated the experim ent and also  claim ed to have
made a mercury ( 11) io d id e  complex w ith  tricyanom ethane -  from mercury ( l )
cyanide and iodoform  -  and used i t  to  prepare ammonium tricyanom ethan ide. 
11Claus doubted these re p o rts  and the f i r s t  r e l ia b le  p re p a ra tio n  o f
44tricyanom ethane was described by Schmidtmann , who used the  re a c tio n  o f
cyanogen c h lo r id e  w ith  the sodium s a l t  o f m a lo n o n itr ile  in  e th a n o l.
He is o la te d  the  f re e  ac id  by a c id ify in g  a s o lu tio n  o f the sodium s a lt
in  w ater w ith  s u lp h u ric  acid  and e x tra c tin g  the product in to  e th e r .
22Hantsch and Osswald used the same method o f p re p ara tio n  and Birckenbac.h 
7and H u ttn er improved upon i t  s l ig h t ly  by using cyanogen bromide in  
place o f cyanogen c h lo r id e .
The most convenient synthesis  is  the re a c tio n  o f d ib ro m o m alo n o n itrile
49w ith  potassium cyanide described by Trofim enko, L i t t l ^  and Mower
Tricyanomethane and i t s  s a lts  have been mentioned in  a la rg e  number o f 
papers but alm ost a l l  the work reported  has been on th e ir  p h y s ic a l 
p ro p e r t ie s , or those o f t r a n s it io n  m etal complexes in c o rp o ra tin g  the  
tricyanom ethanide io n . A few is o la te d  re fe ren ces  to re a c tio n s  w ith  
amines, am idines and hydrogen h a lid e s  are  mentioned a t a p p ro p ria te  
places in  the fo llo w in g  chapters .
S a lts  o f dicyanoacetam ide were f i r s t  rep o rted  in  1958 by Kano, Makisum i, 
28and Ogata , as the p u ta tiv e  products o f the re a c tio n s  o f 5-am ino-4-cyano- 
iso xa zo le  w ith  aqueous ammonia or h ydrazine:
+ f N
a q ‘ NH. .~ C  — CONH*  4 j 2
CN
CN + |
N2H4 aq* v 0 . . - C -  C0NHo y 2. b I A
CN
15In  the same y e a r, Dornoo! and GrabhHfer reported  the  p re p a ra tio n  o f
N ,N -d ie th y ld icyan o acetam id e  from m a lo n o n itr ile  and d ie th y lc a rb am y l
cyanide. Dicyanoacetamide and i t s  potassium s a lt  were f i r s t  prepared
49d e lib e ra te ly  by Trofim enko, L i t t le ^  and flower . The only o th e r mentic
the compound is  a re fe ren ce  by M a rtin , Schwarz, Rackow, R e ich ,, and 
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GrOndemann to  the form ation  o f i t s  s a lts  on h y d ro lys is  o f amino- 
(phenoxy )-m eth y len em a lu n o n .itrile :
N-phenyldicyanoacetam ide was prepared from phenyl iso cyanate  and
45m a lo n o n itr ile  by Stamm and FU hrling  , who d id  not in v e s t ig a te  i t s
re a c tio n s , except w ith  hydrogen c h lo rid e  to g ive am inochlorom ethylene-
35N-phenylcyanoacetam ide. H e rtz , van Asshe, Fleury, and R e g itz  
prepared N-phenyldicyanoacetam ide in  the same way, and a lso  from 
phenylcarbam ylazide and m a lo n o n itr ile .
M ethyl and e th y l e s te rs  o f d icyan o acetic  ac id  were prepared from so d io -
21cyanoacetates and cyanogen c h lo r id e  by H a lle r  towards the end o f the la s t
25cen tu ry . A few years l a t e r ,  Hesse prepared them from sodio-m alono-
n i t r i l e  in  e th an o l and m ethyl, or e th y l,  ch lo ro fo rm ates . A rndt,
Scholz, and F robel^  is o la te d  the a c id , m ethyl dicyanoacetafce, m .p. 6 5 ° ,
More re c e n t ly , M idd leton  and E n g e lh a rd t^ 3 prepared the m ethyl e s te r
sodium s a l t  by a lk a l in e  h y d ro lys is  o f b is -m eth o xym eth y len em alo n o n itriie ,
34and M a rtin  and Rackow prepared the  e th y l e s te r  from e th y l cyanoacetate  
and phenyl cyanate:
MeOv CN CN
/   NaOH_aq.--------
\ »  I
CO Mb
MeO CN CN
CN
PhOCN + NC.CH2C02Et ' -------------------> Hlj: —C O ^ t (+ PhOH)
CN
. . .  • 3 3 __________ ______
N itro s o m a lo n o n itr ile  was f i r s t  prepared by-Longo , who tre a te d
m a lo n o n itr ile  w ith  sodium n i t r i t e  in  aqueous a c e tic  acid  and is o la te d
the product as i t s  s i lv e r  s a l t .  The fre e  ac id  was obtained bv t r e a t in g
48,50
the s i lv e r  s a l t  w ith  su lp h u ric  a c id . T a y lo r , Vogl,and Cheng
prepared s a lts  w ith  am idines and guanid ine from i t s  s i lv e r  s a l t ,  and
31converted them to n itro s u p y rim id in e s  by h e a tin g . K oehler and Lux
prepared the  sodium, potassium , rubidium  and cesium s a lts  from the s i lv e r
17s a l t ,  fo r  X -ray  c ry s ta llo g ra p h y . F e r r is  reduced the sodium s a l t  to
42a m in o m a lo n o n itr ile , whileOhtsuka used z in c , or t i n ,  and c a rb o x y lic
acids  to convert i t  to acylaminocyanoacetamides and oxazo les . T itan ium
and Zirconium  complexes o f n itro s o m a lo n o n itr ile  were prepared by
26I s s le ib ,  Koehler^ and U i l l e
S a lts  (11 ), and derived  bis-m ethylm ercapto compounds, were prepared by
Gompper and TB pff,0a and used to  prepare many d e r iv a t iv e s  which are
discussed in  Chapter V I.  A lte rn a t iv e  methods o f p re p a ra tio n  o f some
27o f the  s a lts  were described by Gensen and Henriksen , and by Takeshima,
46 1
Yokoyama, Fukada, and Akano .
23Hatchard described the  o x id a t iv e  c y c lis a t io n  o f the disodium s a lt  
o f ' d im ercaptom ethy lenem alonon itrile  to is o th ia z o le s :
S NaCN
NaNCCN
HS‘HS
Other re fe ren ces  a l l  concern the p h y s ic a l or b io lo g ic a l p ro p e rtie s  o f 
the s a l ts ,  or the p re p ara tio n  o f d e r iv a tiv e s  by S -a lk y la t io n .
S tru c tu ra l R epresen tation  and Nomenclature
The anion o f tricyanom ethane is  u s u a lly  represented  as though the  charge
resided  on the c e n tra l carbon atom, as in  0 ) »  a lthough i t  is  a c tu a lly
30d is tr ib u te d  m ainly between the th re e  n itro g e n  atoms . As e x ten s ive  
charge d e lo c a lis a t io n  is  p o ss ib le  in  a l l  the anions in  th is  group, any 
fo rm al re p re s e n ta tio n  o f s tru c tu re  is  an approxim ation . For the  sake 
o f co n sis ten cy, the charge w i l l  be shown as being on the c e n tra l carbon 
atom o f a l l  the anions.
There is  a s im ila r  problem in  decid ing  where to  put the a c id ic  pro ton  in
the acids  them selves. Taking the known compounds as a group, every
p o ss ib le  tautom er has been used as the basis  fo r  a name somewhere in  the  
l i t e r a t u r e .  There is  no c le a r  evidence th a t the a c id ic  proton is  found 
on the c e n tra l carbon atom, but names fre q u e n tly  used in  the  l i t e r a t u r e  
place  i t  th e re . As the compounds are  strong a c id s , they are  norm ally
handled as s a l ts ,  so i t  is  convenient to  rep resen t them by tau to m eric  
s tru c tu re s  which look l i k e  the  ones chosen fo r  the anions.
I t  has been proposed^ th a t the  anions o f ac ids  whose a c id ic  hydrogen 
atoms are  bound to  carbon or n itro g e n  be named by g iv in g  the e le c tro n  
which remains on the anion the s u f f ix  " id e " . The s u f f ix  would be used, 
in  co n ju n ctio n  w ith  the Chemical A bstracts  conventions fo r  nom enclature. 
Thus, fo r  example, the  anion derived  from tricyanom ethane would be 
c a lle d  '’ tr icyanom ethan ide '1. In  view o f the  doubt about the lo c a tio n  
o f e ith e r  the  e le c tro n s  in  the an ions, or the a c id ic  protons in  the acid  
such a p re c is e  d e f in i t io n  is  o f l im ite d  use. .Also, i t  can g ive  an 
anion a name com pletely d i f f e r e n t  from the  accepted one fo r  the p aren t 
a c id . For example, dicyanoacetam ide has been c a lle d  "carbam yla icyano-
49m ethane", so th a t  i t s  anion could be c a lle d  "carbam yldicyanom ethanide"
In  the fo llo w in g  ch ap ters , the  proposals o f M id d le to n , L i t t l e ,  Coffm an, 
and E n g e lh a rd t^ ^ w ill be fo llo w ed  in  the case o f tricyanom ethane. 
O therw ise the term inology "th e  s a l t  o f . . . . . "  w i l l  be used. The acids  
w i l l  be drawn and named so th a t th e ir  s tru c tu re s  look l i k e  those chosen 
fo r  the an ions, unless i t  is  necessary to use a d i f fe r e n t  s tru c tu re  to  
i l l u s t r a t e  a re a c tio n  mechanism.
P rep a ra tio n  o f the Anions 
CH2 (CN)2 B r?/K B r aC!-.-> [B r2C(CN)2 ] n.KBr
Potassium tricyanom ethanide was prepared from the potassium bromide
complex o f d ib ro m o m alo n o n itrile  by a method based on th a t  o f Trofim enko, 
49L i t t le ,a n d  Mower . The re a c tio n  was c a rr ie d  out in  acetone, in s tea d  o f 
1 - 2-d im ethoxyethane, and the product was p re c ip ita te d  by the a d d itio n  o f 
x y len e , in s tea d  o f e th e r . These changes reduced the cost o f the  p re ­
p a ra t io n , and s im p lif ie d  waste d is p o s a l.
CN
2KCN » K .C — CN (+  BrCN) 
CN
(T b)
The potassium s a l t  o f dicyanoacetam ide (2b ) was prepared by a method 
described in  the  same p a p e r^ :
heat
KNCO + CH_(CN)_ x.u K .C— CONtL2 2 d im ethyl I 2
formamide UN
(2b )
The sodium s a l t  o f n itro s c m a lo n c n itr ile  (10b) was prepared by t r e a t in g
m a lo n o n itr ile  and sodium n i t r i t e  in  w ater w ith  h y d ro ch lo ric  a c id ,  
fo llo w ed  by sodium hydroxide to  n e u tra lis e  the s o lu tio n :
CH2(CI\!)2 + Nal\J02 —— — >
Cl\l
I
H.C— NO
f
CN
CN
NaOH aq. Na.C— NO
C’N
(10a ) (10b)
17A s im ila r  method was re fe rre d  to  in  a p a ten t by 3 . P. F e r r is  .
Reaction tim e and tem perature were c r i t i c a l ,  and so was accura te
n e u tra lis a t io n  o f the s o lu tio n  before  i t  was evaporated to  leave  the
crude product. In  n e u tra l s o lu tio n  the yellow  product (10b ) was s ta b le
fo r  months a t  room tem peratu re , but in  the presence o f a lk a l i  -  e s p e c ia lly
on being warmed -  i t  hydrolysed ra p id ly  and e xo th erm ic a lly  to  the
c o lo u rle s s , re la te d  amide. The acid  (10a) was s im ila r ly  u n s ta b le , and
a c id i f ic a t io n  o f a s o lu tio n  o f the s a l t  w ith  h yd ro ch lo ric  a c id , a t  room
53tem peratu re , gave a p r e c ip ita te  o f the  amide a f t e r  a few hours :
CN CONH
I ” 0H !Na.C— NO  — ------------ ^ N a.C —NO
An tu
(12b)
CN (j:onh2 h2n .oc \
HC-NO ----> HC— NO .;==z=± V nOH
CN CN NC/
(12a ) ( l2 c )
Th is  cyanoacetamide has not been s tud ied  fu r th e r .  I t  i s  a much weaker
acid  than o th ers  in  the group and can be is o la te d  e a s ily  by a c id i f ic a t io n
o f s o lu tio n s  o f i t s  s a l ts .  I t  appears to be s ta b le  in  th e  p ro tonated
5 4
form , which is  probably tautom er 12c .
The is o la t io n  o f n itro s o m a lo n o n itr ile  (1 0 a ) ,  by trea tm en t o f i t s
s i lv e r  s a l t  w ith  aqueous su lp h u ric  acid  and e x tra c tio n  in to  e th e r ,
33has been rep o rted  in  the l i t e r a t u r e  . Experiments have shown th a t  
th is  can be done on a sm all s c a le , but the ac id  (10a) is  too u n stab le  
to  be is o la te d  in  q u a n tity .
S a its , 11, were prepared by the method o f Gompper and TB pfl
20a
CS + RCH CN
Potassium hydroxide  
or a lko x id e 2K
ac— c
» \  -  
CN X S
The tr ie th y la m in e  s a l t  o f N -phenyldicyanoacetam ide (5 , M = Et_NH)o
was prepared by adding tr ie th y la m in e  to m a lo n o n itr ile  and phenyl is o -
45cyanate in  te tra h y d ro fu ra n  . .
Potassium s a lts  o f a l l  the  o th er acids (3 -9 ,  except' 5) were prepared  
by one method. A s o lu tio n  o f m a lo n o n itr ile  in  the a p p ro p ria te  iso cy a n a te , 
ch loro form ate, or carbamyl c h lo rid e  was added to  an e q u iv a le n t amount o f 
aqueous potassium hydroxide . In  some cases, the potassium s a l t  o f the  
product p re c ip ita te d  o u t: in  o th e rs , i t  was necessary to  co n cen tra te  
the s o lu tio n . I f  m a lo n o n itr ile  was not s o lu b le  enough in  the  carbonyl 
compound, te tra h y d ro fu ra n  was a lso  added.
Two examples i l l u s t r a t e  the method:
MeNCO + C H (C N ) ' + KOH
)N
K.C— CONHfie (+  H 0 )
£n
ClC02Et + ch2 ( c n ) 2 2K0H K .C -C 0 2Et (+  KC1 + 2H20)
4*The tr ie th y la m in e  s a lt  o f N -m ethyldicyanoacetam ide (3 , M = Et^NH)
was prepared by adding m ethyl iso cyanate  to  a m ixtu re  o f m a lo n o n it r ile ,
+ +
tr ie th y la m in e  and to lu e n e . I t s  pyrid in ium  s a lt  ( 3 5 M = CgHj-NH) was 
prepared by adding m ethyl isocyanate  to  a s o lu tio n  o f m a lo n o n itr ile  
in  p y r id in e .
Other s a lts  were prepared by s im ple , m e ta th e tic a l re a c tio n s  o f the  
potassium , or sodium, s a lts  o f the acids  w ith  amine h yd ro h a lid es . 
Reactions were done in  w ater i f  the s o lu b i l i t y  o f the product was low 
enough. Sometimes acetone was used as s o lve n t: potassium c h lo r id e  was 
f i l t e r e d  o f f  to  leave  the product in  s o lu tio n .
Many s a lts  o f long«chain  alkyltrim ethylam m onium . catio n s  were waxy and 
d i f f i c u l t  to  f i l t e r  o f f  i f  prepared in  w a te r. In s te a d , an aqueous 
s o lu tio n  o f the potassium s a l t  o f the acid  was added to an emulsion o f  
w ate r, ch loroform  and the  alkyltrim ethylam m onium  bromide. The emulsion  
in v a r ia b ly  co llapsed  and the chloroform  la y e r  contained th e  p ro d u ct, 
which was is o la te d  pure by evaporation  o f the ch loroform .
These th re e  methods had been used b e fo re , to prepare tricyanom ethanides
and s a lts  o f n itro s o m a lo n o n itr ile  54
P ro p e rtie s  o f the Acids and S a lts
The acids  are  rem arkably strong ones. Tricyanom ethane, fo r  example,
9has a pKa o f about -5  . liihen the tr ie th y la m in e  s a l t  o f N -phenyldicyano­
acetam ide was s t i r r e d  w ith  excess d i lu te  h yd ro ch lo ric  a c id , i t  gave
N-phenyldicyanoacetam ide s t i l l  co n ta in in g  20% o f i t s  tr ie th y la m in e  s a l t .
45Stamm and FUhrlung rep o rted  th a t the  pure acid  could be obta ined  from  
the  sodium s a l t  by using s u f f ic ie n t ly  concentrated h y d ro c h lo r ic , or • 
p e rc h lo r ic , a c id .
The s a lts  are  s ta b le  and easy to handle, and the s e n s i t iv i t y  o f
n itro s o m a lo n o n itr ile  to  a lk a l i  is  a ty p ic a l .  The fre e  ac id s  a re  les s  
s ta b le , some being s e n s it iv e  to h y d ro lys is  or l ia b le  to  p o lym erise .
22Hantsch and Osswald rep o rted  the in s t a b i l i t y  o f tricyanom ethane, which
they found to  polym erise ra p id ly  once is o la te d . Trofim enko, L i t t l e ,
49and Mower found th a t an a q u o -e th erea l s o lu tio n  -  prepared according to
44Schmidtmann1s method -  was s ta b le , but th a t  a ttem pts  to dry the  
s o lu tio n  led  to p o lym erisa tio n  and decom position. Bearing in  mind the  
pKa o f the  a c id , i t  seems l i k e ly  th a t the species a c tu a lly  p resen t in  the
aq u o -e th e rea l s o lu tio n  was hydroxonium tricyanom ethan ide, ra th e r  than
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tricyanom ethane . Gox and Fonta ine , rep o rted  th a t tricyanom ethane
could be is o la te d  as a w h ite , c r y s ta l l in e  s o l id ,  m.p. 5 5 -6 ° , s ta b le  in
a i r  and l ig h t ,  but a ttem pts to  rep ea t th e ir  experim ent have been
unsuccessfu l. They d ried  the tricyanom ethane s o lu tio n  over sodium su lp h ate ,
so i t  i s  p o ss ib le  th a t  the w h ite  s o lid  they obtained was sodium hydrogen
su lphate  monohydrate, m.p. 5 8 °.
4A rndt, Scholz, and F robe l is o la te d  the a c id , methyl d ic y a n o a c e ta te , 
as a c r y s ta l l in e  s o lid ,  but rep o rted  th a t i t  showed signs o f decompo­
s it io n  a f t e r  an hour or two.
The a lk a l i  m etal s a lts  a re  h ig h -m e ltin g  s o lid s , so lu b le  in  w ater and, 
in  some cases, acetone. The s im p ler amine and quaternary ammonium s a lts  
are a lso  so lu b le  in  w a te r. Those in  which th e re  is  a f a i r l y  long a lk y l  
chain are  not -  they are very s o lu b le  in  ch loro form . A few o f these  
s a lts  have the curious p ro p e rtie s  o f being l iq u id s  a t  room tem peratu re , 
m is c ib le  w ith  most organ ic  so lven ts  but in s o lu b le  in  w ater -  e#g. 
octyltrim ethylam m onium  tricyanom ethan ide , m.p. -2  to - 1 ° C ^ .
I I .  D e r iv a tiv e s  o f Tricyanomethane
Reaction w ith  Amines
1
A lle n s te in  rep o rted  th a t arylammonium tricyanom ethanides could be 
converted to s u b s titu te d  d iam inom ethylenem alononitriles  by being  
heated:
NHL /CN
.nh3 . c ( cm) 3 ^
His experim ents were done using m ixtu res  o f the  tricyanom ethan ides  
and the h yd ro ch lo rid es  o f s u b s titu te d  a n i l in e s .
A s im ila r  conversion was reported  by Trofim enko, L i t t l e ,  and Coffman , 
who heated p ip e r id in e  and p y r ro lid in e  tricyanom ethanides to  o b ta in  the  
corresponding d iam inom ethy lenem alonon itriles .
me re v e rs a l or the above re a c tio n  w ith in  a b io lo g ic a l system is  
co n ce ivab le , and would l ib e r a te  the a c t iv e  tricyanom ethanide ion*  
In  a d d it io n , many s u b s titu te d  m eth y len em alo n o n itriles  are  known to
compounds, 1 3 .
Heating the s o lid  s a lts  was found to  be an u n s a tis fa c to ry  method fo r  
the conversion. The products contained la rg e  amounts o f orange 
im p u r it ie s , which were d i f f i c u l t  to remove. The im p u r it ie s  may have
lilhen tricyanom ethanides were heated in  b o il in g  xylene the products  
were s t i l l  very im pure. Other so lven ts  t r ie d  ware p y r id in e , 2-m ethoxy- 
e th a n o l? w ater, and the  amine from which the p a r t ic u la r  s a l t  had been 
prepared.
The re a c tio n  was found to  go very w e ll in  w ater except in  the case o f 
s a lts  o f the  more basic  amines. By co incidence, the basic  amines, such 
as m orpholine and p ip e r id in e , had s u ita b le  b o il in g  p o in ts  to  be used as 
so lv e n ts , and the  conversions went very w e ll in  them.
In  some cases tricyanom ethanides were prepared , is o la te d , p u r i f ie d  
and then heated in  w a te r, but th is  was found to  be unnecessary: the  
m e th y len em alo n o n itriles  could be obtained in  good y ie ld  by h ea tin g  
potassium tricyanom ethan ide, an a n i l in e ,  and one e q u iv a le n t o f hydro­
c h lo r ic  ac id  in  w ater.
be b io lo g ic a l ly  a c t iv e .  Thus, i t  seemed worth preparing  a s e r ie s  o f
been s im ila r  to a by-product reported  by A lle n s te in 1
+
WH3 CI
190 o
o ran g e-ye llo w
+ HX (+  KX)
(1 4 )
The re a c tio n  o f  o - to lu id in e  w ith  potassium tricyanom ethan ide  in  w ater 
was used as a model to f in d  the  best c o n d itio n s .
In  each o f a s e r ie s  o f experim ents, o - to lu id in e  and potassium  
tricyanom ethanide were heated fo r  4 ’ hours in  w ater to  which o th er  
reagents had been added to vary the pH o f the m ix tu re .
At pH >12 (sodium hydroxide) no product was o b ta ined . At pH 1
(excess h yd ro ch lo ric  a c id ) a y ie ld  o f roughly 50$ was o b ta in ed , but 
the product was im pure. At pH 4 (h y d ro c h lo ric  acid  w ith  a s l ig h t  
excess o f o - to lu id in e )  a purer product was obtained in  60$ y ie ld .
U ith  an a c e ta te  b u ffe r  alone the  y ie ld  was 23$, but when s u f f ic ie n t  hydro­
c h lo r ic  ac id  to n e u tra lis e  the o - to lu id in e  was added as w e ll  as the  
a c e ta te  b u ffe r  the y ie ld  was 57$. pH-measurements were only to  
u n it  and the  two a c e ta te  b u ffe r  experim ents were a t  the  same pH w ith in
those l im i t s  (pH 4 - 5 ) .
A p o ss ib le  reason fo r  the  in crease  in  y ie ld  in  the  presence o f hydro­
c h lo r ic  acid  would be th a t the re a c tin g  species was am inochlorcm ethylene-
m a lo n o n itr ile , which is  known to  form re v e rs ib ly  in  aqueous s o lu tio n s
1o f tricyanom ethanides and h yd ro ch lo ric  ac id  :
H2N CN NH2 X H
H+ .C(CN) + 2 HC1 V = Z  2RNH2 ■ RNH.C=C
c /  \ n \ cn
I +
( +  n c i  )  ( + r n h 3 . c i )
1This  e xp lan a tio n  is  u n l ik e ly ,  because A lle n s te in  found th a t ,  in  the  
absence o f w ate r, am inoch lorom ethylenem alonon itrile  reacted  w ith  a n il in e s  
to  g ive  m ixtures  o f a n i l in e  hydroch lo rides  and tricyanom ethan ides . 
Furtherm ore, an experim ent using to lu id in iu m  sulphate a t  pH 4 gave the  
same y ie ld  (57$ ) as the  experim ent using to lu id in iu m  c h lo r id e .
Such s e n s it iv i t y  to  pH could be exp la ined  in  terms o f the  fo llo w in g  
re a c tio n  sequence:
The re a c tin g  species could be d icyanoketenim ine (1 5 ) ,  ra th e r  than  
tricyanom ethane (1a ), and th e re  is  no c le a r  evidence in  favour o f e ith e r  
s tru c tu re : whichever i t  i s ,  the fo llo w in g  arguments remain the same.
H(\p=rC=C
^ C N
(1 5 )
Two o th er e q u i l ib r ia  could reduce the ra te  o f fo rm ation  o f 14 by low ering  
the co n cen tra tio n  o f e ith e r  the fre e  amine, or tricyanom ethane:
f  + -
©  H20 + HC-CN  ^ H30 + C(CN)3
CN
(1a)
nh3
Me
E q u ilib riu m  0  w i l l  always be m ainly to the r ig h t ,  because tr ic y a n o ­
methane is  such a strong a c id , but the co n cen tra tio n  of 1a w i l l  be 
h ig h est a t  low pH. o -T o lu id in e  is  a f a i r l y  weak base -  a t  pH above, 
or close to ,  i t s  pK^, e q u ilib r iu m  © w i l l  l i e  m ainly to  the l e f t .  Only 
a t very low pH w i l l  the concentra tions  o f o - to lu id in e  and tricyanom ethane  
be comparable. At h igher pH, the re a c tio n  w i l l  be pseudo f i r s t  o rd e r, 
i t s  ra te  being dependent on the co n cen tra tio n  o f tricyanom ethane.
Tricyanomethane tends to  p o ly m e r is e ^ ’ ^ '  so i f  i t s  c o n cen tra tio n  
becomes comparable w ith  th a t o f fre e  o - to lu id in e ,  the product (1 4 )  
w i l l  be le s s  pure .
I t  can be concluded, in  g e n era l, th a t  the re a c tio n  w i l l  be fa s te s t  and 
c lean est a t pH c lose to  the pK^ of the amine being used, and th a t  weak 
bases w i l l  re a c t fa s te r  than strong ones. These p o in ts  have been con­
firm ed by the way in  which d i f fe r e n t  amines and a n ilin e s  have re a c te d .
For example, m orpholine, a f a i r l y  strong base, gave no diam inom ethylene- 
m a lo n o n itr ile  when heated w ith  potassium tricyanom ethanide and hydro­
c h lo r ic  acid  a t pH 1 fo r  14 hours. Even a t  the optimum pH 8 , the y ie ld  
was only 15$ a f t e r  15 hours. 3 ,4 -D ic h lo ro a n il in e ,  a much weaker base 
than o - to lu id in e ,  gave a p r e c ip ita te  o f product w ith in  minutes a t  pH 1-2  
and the  y ie ld  a f t e r  4 hours was 70/o. .
An exception  to the genera l tren d  was 4 -n i t r o a n i l in e ,  which reacted  
f a i r l y  s lo w ly , although a weak base -  ta k in g  12 hours to g ive  an 8Q^ 
y ie ld  o f  the d e r iv a t iv e .  Th is  is  understandable s ince the 4 -n i t r o  
group g re a t ly  reduces not only the b a s ic ity  o f the  -HH^ group, but a lso  
i t s  n u c le o p h i l ic i t y , by a resonance e f fe c t :
+
This  mechanism could not operate  in  the case o f the halogenated a n i l in e s ,  
nor in  the  case o f 3 -n i t r o a n i l in e  which was found to re a c t q u ite  
q u ic k ly .
A few a n ilin e s  which were s t e r ic a l ly  h indered , or o f very low nucleo­
p h i l i c i t y ,  did not appear to re a c t a t  a l l  -  fo r  example, 2 ,6 -d ib ro m o -
4 - n i t r o a n i l in e ,  2 ,4 -d in i t r o a n i l in e  and 2 -n i t r o a n i l in e .
D iam inom ethylenem alononitriles  have been prepared from dicyanoketene
a c e ta ls ^ 3 and from bism ethylm ercaptom ethylenem alononitrile^^^ in  the  past
-1
as w e ll as from tricyanom ethanides . M a rtin , Schwarz, Rackow, R eich ,
37and GrOndemann a lso  prepared them from am ino(aryloxy)m ethylenem alono- 
n i t r i l e s  and amines.
P ro p e rtie s  o f Amine D e r iv a tiv e s
CN CN ^ N H  
H.C— C
CN CN \
1 °
NR
(16a) (16b)
Base
(16c)
I t  is  in te r e s t in g  to  note th a t  the s u b s titu te d  diaminomethylenemalono-
tricyanom ethane. The s tr u c tu r a l s im i la r i t y  is  obvious when they are
form  s a l ts .  For example, am indp iorpho lino)m ethylenem alononitrile  d isso lved  
in  aqueous sodium hydroxide and was re p re c ip ita te d  upon a c id i f ic a t io n  o f 
the s o lu tio n .
There is  a tendency fo r  one o f the n i t r i l e  groups to be hydrolysed in
a lk a l i ,  but the re a c tio n  ra te  d i f f e r s  w idely  between d i f fe r e n t  compounds.
1 2The m orpholino- and p ip e r id in o -  compounds (1 6 , R , R =
□r -(C H  ) 5- )  were s ta b le  in  hot aqueous a lk a l i  fo r  a few hours, fo r  
example, whereas the 3 ,4 -d ich lo ro p h en y lam in o - compound (1 7 ) was com plete ly  
converted to  the  a m id e (l8 ):
n i t r i l e s  (16a) are  themselves members o f the group o f acids  re la te d  to
drawn in  the  a p p ro p ria te  tau tom eric  form (1 6 b ). They have been found 
to  be much weaker acids than those described in  Chapter I ,  but they do
NH0 /C N  
I 2 /
NH.C=C
^ C N  1) H eat, OH 
I 2) N e u tra lis e
CCNH
NH„ /C N
The d iam inom ethy lenem alonon itriles  appear to  be s ta b le  to  a c id . 
For example, 17 was u n a ffec ted  by hot 2P1 su lp h u ric  a c id .
1
The re a c tio n  w ith  a n i l in e  h y d ro ch lo rid e , reported  by A lle n s te in  , 
has not been in v e s tig a te d  fu r th e r .
D iam inom ethylenem alononitriles  might be s u ita b le  s ta r t in g  m a te r ia ls  fo r
47a range o f h e te ro cy c le s : T a y lo r , N cK illo p , and Warrener have reported  
many re a c tio n s  o f (3 -a m in o n itr ile s . But am ino(m orpholina)m ethylene- 
m a lo n o n itr ile  (1 9 ) d id  not re a c t w ith  carbon dis i.'lph ide in  p y r id in e .  
T ay lo r e t a l .  a lso  reported  d i f f i c u l t y  w ith  weakly basic amines.
N
-N CIM
NH
NC
SH
3H
S
In f r a - r e d  Spectra o f the Amine D e r iv a tiv e s
The d iam inom ethy lenem alonon itriles  gave i . r .  spectra  showing a
-1  -1s tro n g , d o u b le t, CN absorption  a t 2180-2200 cm and 2210-2220 cm ,
and NH absorptions a t  3150-3500 cm . These fe a tu re s  in  t h e i r  spectra  
d is tin g u is h e d  them from t h e ir  p recu rso rs , s u b s titu te d  ammonium tr ic y a n o ­
m ethanides, whose spectra  showed a s tro n g , s in g le t ,  CN ab so rp tio n  a t
-1  -12190 cm , and NH absorptions a t  2500-3500 cm , always extend ing  w e ll
-1below 3000 cm . The spectra  are  discussed fu r th e r  in  C hapter IX .
Amine D e r iv a tiv e s  R elated  to H e rb ic id a l Ureas
0
J . NArNH.C. R
NCv  ^ ^ C N  
C
ArNH.H.NR_
(20 ) ( 21 )
Many u reas , o f genera l s tru c tu re  20, are  h e r b ic id a l.  They in t e r f e r e  w ith  
a re a c tio n  in  the p h o to syn th e tic  chain known as the  H i l l  r e a c t io n . This  
re a c tio n  is  an a t t r a c t iv e  ta rg e t  fo r  a p e s t ic id e  chemist because i t  is
s p e c if ic  to  green p la n ts  -  a c t iv i t y  or a compouna as a n i n  re a c tio n  
in h ib i to r  need not be associated  w ith  to x ic i t y  to o th er l iv in g  organisms, 
such as mammals.
The s im i la r i t y  between compounds o f oxygen and t h e i r  analogues in  which
p o ss ib le  H i l l  re a c tio n  in h ib i to r s .
flore s p e c i f ic a l ly ,  the sim ple ureas o f high h e rb ic id a l a c t iv i t y  are  those  
in  which the  a r y l  group is  s u b s titu te d  w ith  halogen, u s u a lly  c h lo r in e ,  
and the  a lk y l  groups are  sm all ones. One o f the R groups can 'be hydrogen, 
but i f  both are  hydrogen, the a c t iv i t y  is  u s u a lly  very low . The hydrogen 
attached  to  the  a r y l  n itro g e n  is  g e n e ra lly  thought to  be necessary fo r  
good a c t iv i t y  on the H i l l  re a c tio n  in  v i t r o .
M e th y la tio n  o f am in o -(3 -ch lo ro p h en y lam in o )-m eth y len em alo n o n itrile  (2 2 )  
gave the  wrong product (2 3 ) ,  in  terms o f the d e f in i t io n  above, but i t  
did  show very s l ig h t  in h ib ito r y  a c t iv i t y  on the H i l l  re a c tio n . The 
product (2 4 ) o f m eth y la tio n  o f am ino(p iperirfirio )m ethy lenem alono n itrile  
had no a c t iv i t y .
oxygen is  rep laced  by (^(CN)^ has been emphasized by U a l le n fa l ls ,  F r ie d lic h ,  
R ie s e r, ErteJ, and T h i e m e T h u s ,  compounds 21 were o f in te r e s t  as
NH.C=C
K CO /ace to n e  z o
Mel
CN *
(22) (2 3 )
K CO /ace to n e
(2 4 )
Other compounds (2 1 ) were prepared by a d i f fe r e n t  ro u te  which is  
described in  Chapter V I.
Reaction o f Tricyanom ethanides w ith  o-Phenylenediarnines
;n
KC(CN) /HC1
T i . / *
NH.C— C
\
NH.
CN CN-NH
(27a)
NH.
(27b)
CH(CN).
I t  would appear p o ssib le  to  prepare 2 -d icyanom ethylenebenzim idazolines  
(2 7 a ) ,  or the  re la te d  benzim idazoles (27b) from o-pnenylenediam ines and 
tricyanom ethane. The benzim idazoles would be acids  re la te d  to  tr ic y a n o ­
methane, and might be expected to form s a lts  such as 26.
S everal diam ines were t r ie d  in  th is  re a c tio n , but the products were the  
a c y c lic  ones (2 5 ) .  25 and 26 are  isom ers, but i t  was c le a r  th a t  the  pro­
ducts were 25: t h e i r  i . r .  spectra  were l i k e  those o f o th e r diamino­
m e th y len em alo n o n itriles  and, although they were in s o lu b le  in  w a te r, they  
could be d isso lved  in  warm, aqueous a lk a l i  and re p re c ip ita te d  by a c id i ­
f ic a t io n .
The only exception  was 5 -c h lo ro -3 -n itro -o -p h e n y le n e d ia m in e , which gave 29. 
Since a m in o -(a ry la m in o )-m e th y len e m a lo n o n itr ile s  in  which the a r y l  group 
c a rr ie s  s tro n g ly  e le c tro n -w ith d ra w in g  groups are  p a r t ic u la r ly  s u s c e p tib le  
to  h y d ro ly s is , and the amides (e .g .  28) c y c lis e  re a d ily  (see Chapter I I I )  
the  re a c tio n  was probably as fo llo w s :
KC(CN) /HC1' Aq.
N H .C -C
\ CN
NH0 N02 2
C l \ <^ r\^ - N H .C — C^
x, nh2 ^CO NH?
. c
CONH
The ben zim id azo lin e  (27 : X = 5 , 6 -d ic h lo ro - )  was not formed when the  
precursor (25 : X = 4 , 5 -d ic h lo ro - )  was heated in  d im ethylform am ide, or in  
d i lu te  h y d ro ch lo ric  a c id . I t  i s  curious th a t the c y c lis a t io n  does not 
occur e a s i ly .
Treatm ent o f 25 (X = 4 , 5 -d ic h lo ro - )  w ith  e th o xycarb o n y liso th io cyan ate  gave 
a product (30 ) which fu r th e r  confirm ed the a c y c lic  s tru c tu re  o f 25. The 
product is  s im ila r  to  a known fu n g ic id e  (3 1 ) , but i t  showed no fu n g i­
c id a l a c t iv i t y .
NH  ^ /CN  
I 2 /
C l \ / ? \ ^ - N H . C = CXXCl NH.
(2 5 , X = 4 , 5 -d iC l)
0
II
EtO.C.NCS
Cl
Cl'
W 2 / C N
XKNH.C=C \ CNNH.C.NH.C.DEtI
(30)
NH.C.NH.C.ONe
( 3 1 )
o-phenylenediam ine and b ism ethylm ercaptom ethy lenem alon on itrile .
Reaction w ith  A n th ra n ilic  Acids
NH„ XN  
I 2 /  
NH.C=C
CN
NH
KC(CN)_/HCl aq CN
CO H C0„H
(3 2 ) (3 3 )
Uhen a n th r a n i l ic  acid  was heated w ith  potassium tricyanom ethanide in  
d i lu te  h y d ro ch lo ric  acid  fo r  24 hours., i t  gave a qu inazo linone (33 :
X = H ). 4 -C h lo ro a n th ra n ilic  a c id , a f t e r  12 hours, gave the  in te rm e d ia te  
(32 : X = 4 -c h lo ro --) , which was p u r if ie d  by s o lu tio n  in  a lk a l i  fo llo w ed  
by re p r e c ip ita t io n  w ith  a c id . I t s  i . r .  spectrum showed absorptions  
c h a ra c te r is t ic  o f the CO^H group and i t s  m olecular w eight was confirm ed  
by mass spectroscopy.
The qu inazo linones (3 3 ) are  y e t another group o f "acids re la te d  to  
tricyanom ethane:
CN
CN
(3 3 )
33 (X = H) was so lu b le  in  aqueous a lk a l i  but i t s  acid  s tren g th  has not 
been determ ined.
Reaction w ith  Guanidine
r
C- NH2 - HC1 KC(CN),
NH.
lc.NH„. HC(CN)
NH
155
NH
(3 4 )
NH
II
:n
H N.C.NH .HC— NO
■ ■ I
CN
re f lu x in g  
dim ethyIform am ide
The conversions o f benzamidinium tricyanom ethanide and the guanidine s a l t
o f n itro s o m a lo n o n itr iie  to  p y rim id in es  (34 and 35) were described by
49 48 ,50Trofim enko, L i t t le ,a n d  Flower , and by T a y lo r , Vogl,and Cheng,
re s p e c t iv e ly .
The re a c tio n  o f guanidine w ith  tricyanom ethane has not been rep o rted  
b e fo re .
H eating guanidinium  carbonate w ith  potassium tricyanom ethan ide and 
aqueous h y d ro ch lo ric  ac id  gave a p y rim id in e  (3 7 ) ,  whose i . r .  spectrum
- I
showed a s in g le t ,  CN absorption  a t 2200 cm and NH absorptions in  the
-1  •reg ion  3100 -  3500 cm . When guanidinium  carbonate and potassium
tricyanom ethan ide were heated in  w ater w ith o u t h y d ro ch lo ric  a c id ,
a w h ite  p r e c ip ita te  o f 36 was, o b ta in e d , whose i . r .  spectrum also
-1showed NH absorptions a t  3100 -  3500 cm , but showed a d o u b le t, CN
-1absorption  a t  2170 -  2200 cm . When th is  compound was d isso lved  in  
d i lu te  h yd ro ch lo ric  acid  and the s o lu tio n  was n e u tra lis e d  w ith  sodium 
hydroxide , 37 p re c ip ita te d :
1
2 + KC(CN)
NH
(36 )sHCl aq
HC1 aq.
NH
NH
Reaction w ith  Hydrazines
Potassium tricyanom ethanide has been found to  re a c t w ith  hydrazine  hydro­
c h lo r id e , or m ono-substituted hydrazine  h yd ro ch lo rid es , in  w a te r, to  
give  p yrazo les  (3 8 ):
.CN
KC(CN), + RNH.NH^HCl
This  re a c tio n  has not been reported  in  the  l i t e r a t u r e  and only one
3 , 5 -d ia m in o -p y ra z o le -4 -c a rb o n itr ile  (38 : R = H) has been described
38 bb e fo re . M iddleton and Engelhardt prepared i t  from am ino-( 2 -h yd ro xy -
ethoxy )-m e th y le n e m a lo n o n itr ile , and M a rtin , Schwarz, Rackow,. Reich,
37and GrUndemann prepared i t  from am in o -(p h en o xy)-m eth ylen em alo n o n itrile :
_. ... *. i\in„Et N I 2 /
PhOCN + CH2 (CI\])2  — > PhO.C=C
nh2i\ih2
->
\ CN NH,
The re a c tio n  o f potassium tricyanom ethanide presumably goes through  
the  fo llo w in g  stages:
k c ( cn )„  + RNH.NH_.HC1o z RNH,NH2 .HC(CN)3
NH_ /CN
I /
RNH.NH.C"=€
^ C N
NH2 /CN 
or H_N,N.i —I
A ^ C N
(3 9 )
H2 ^ CN
H,
(3 8 )
W ith one excep tio n , the pyrazo les  (3 8 ) have been obta ined fre e  from the  
s a lts ,  or a c y c lic  products (3 9 ) ,  s t r a ig h t  from the re a c tio n  m ix tu re .
The i . r .  spectra  o f the pyrazo les  showed a s in g le t ,  CN absorp tion  o f
-1medium in te n s ity  a t  2210-2220 cm , which d is tin g u is h e d  them from t r i -
cyanomethanides and m e th y len em alo n o n itriles  (s tro n g  s in g le t  a t  2190 cm
‘ —  1 —.1
and strong doublet a t  2180-2200 cm and 2210-2220 cm , r e s p e c t iv e ly ) .
-1
The e xc e p tio n a l re a c tio n  was the one w ith  2 ,4 ,6 - tr ic h lo ro p h e n y lh y d ra z in e .
The i . r .  spectrum o f a crude, second crop o f the product showed a doub let 
- 1 - 1
a t 2180 cm and 2210 cm -  presumably because i t  contained some 40:
I *  /
NHNH
Cl
C l
+ K.C(CN),
C l ClHC1 aq
C l
(no)
CN
Cl Cl
(4 1 )
3 ,5 -D ia m in o -1 -(2 -h y d ro x y e th y l) -p y ra z o le -4 -c a rb o n itr i le  (4 2 ) gave an
abnormal i . r .  spectrum (KC1 d is c ) .  The CN absorption  was a doublet a t  
-1  -12210 cm and 2230 cm . I t  was not p o ss ib le  to  check i t s  spectrum  
in  s o lu tio n  because o f i t s  low s o lu b i l i t y  in  s u ita b le  s o lv e n ts . I t  was 
s o lu b le  enough in  d im ethyl sulphoxide fo r  p .m .r . spectroscopy, and 
the observed chem ical s h i f ts  and in te g r a ls  fo r  the NH  ^ groups were the  
same as fo r  those o f 3 , 5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr ile  
(6 5 .0  (2H) and 6 .2 5  (2 H )) .
MeNH
hoch2c h '  ^  nh2
(4 2 )
Me '''N ' 
(4 3 )
The i . r .  spectrum of 3 -a m in o -5 -m e th y la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr ile  
(4 3 ) showed the same ab n o rm ality . I t  is  discussed in  d e t a i l  in  C hapter V I,
Both compounds were l i k e  the o ther pyrazo les  in  t h e i r  re a c tio n s  and i t  is  
shown in  Chapter V I th a t  the s tru c tu re  o f 43 was proved beyond reasonable  
doubt. P ossib ly  the compounds e x is t  a t  room tem perature in  more than one 
c r y s ta l l in e  form . ’
Reactions o f the Pyrazoles
The re a c t io n s  o f  the pyrazo les  w ith  c arb o x y lic  acids  and a c y la t in g  
agents to form pyrazo lopyrim id inones are described in  Chapter V I I .
f lonoalkyl hydrazines are  d i f f i c u l t  to ob ta in  and i t  would be u s e fu l  
to be ab le  to prepare the 1 -a lk y lp y ra z o le s  by a lk y la t io n  o f 3 ,5 -d ia m in o -  
p y r a z o le - 4 - c a r b o n i t r i l e  ( 4 4 ) .  M ethy la t io n  w ith  e i t h e r  d im ethyl su lphate ,  
or iodomethane, gave a moderate, is o la te d  y ie ld  (2.G-25%) o f the  
1 -m ethy l d e r iv a t iv e :
H2NT
(4 4 )
-CN
NH.
Flel/K C03/ace to n e  H2 N^ "  CN
or Iv^SO^/NaGH aq. |\|
( 2 0  -  25%)
44 reacted  w ith  benzaldehyde to give the b is -benzylideneam ino- compound
( 4 5 ) ,  but the product was not s u i ta b le  as an in te rm ed ia te  fo r  s p e c i f ic
1 - a l k y l a t i o n  because o f i t s  very low s o l u b i l i t y .
PhCHO
H '  ^ N  'NH.
(4 4 )
H=N, 'CN
H" '(\T ^  N=CI 
(45 )
Treatment o f 44 w ith  iodoethane, or iodobutane, gave low y ie ld s  o f the
1 - a l k y l  d e r iv a t iv e s ,  which were used to prepare pyrazo lopyrim id inones  
(C hapter V I I ) .
Four re ac t io n s  were t r i e d  to see how the pyrazo les  reacted  w ith  c h lo ro -  
formates or methyl iso cyanate . In  each case, a m ono-substituted product 
was obta ined . The s tru c tu re s  were assigned on the grounds th a t  the
5-amino- group would be expected to be les s  r e a c t iv e  than the o th e r ,  
because o f the in f lu e n c e  of the CN group:
'CN
Me' NH,
C1C0,
p y r id in e
ClCO^Et
p y r id in e
Me NH.CO9 M0
h2n
Me
XN
1
NH.CD2Et
CN
p y r id in e
NH
CNMeNCO
Et N /te tra h y d ro fu ra n
The d i f f e r i n g  r e a c t i v i t y  of the amino- groups in  38 i s  discussed fu r t h e r  
in  C hapter V I I .
Reactions o f Tricyanomethanides w ith  Other Nucleophiles
Alkoxy-am inom ethylenem alononitriles  (47 ) decompose slowly in  aqueous
22 37s o lu t io n  to l i b e r a t e  tricyanomethane * . A few o f them were prepared
in  the hope th a t  they might decompose s im i la r ly  in  v ivo and be h e r b ic id a l  
or fu n g ic id a l .
44Schmidtmann described the re ac t io n  o f tricyanomethane w ith  e th a n o l.
This i s  not a very convenient way to make alkoxy-am inom ethylene-  
m a lo n o n it r i le s ,  as i t  n ecess ita tes  the use o f the unstab le  t r ic y a n o ­
methane, ra th e r  than one o f i t s  s a l ts .
M iddle ton , L i t t l e ,  Coffman,and Engelhardt prepared am ino-a lkoxy-
m eth y len em alo n o n itr i les  from am ino -ha lom ethy lenem alononitr i le .  The
am inohalom ethylenem alononitr iles  (46 ) are easy to prepare from potassium
tricyanom ethanide and aqueous hydrogen h a l id e s  -  a method described by 
1A lle n s te in
>  HC(CN)
CN
(47)
KC(c n ) 3  - M .aq-
X CN
(46)
Am inochlorom ethylenem alononitrile  (46: = C l)  was chosen fo r  .a s e r ie s  of
experiments. I t  was washed w ith  concentrated h yd ro ch lo r ic  ac id  before  
d ry in g , as washing w ith  water caused decomposition during d ry in g .
Once d ry , the compound was s u rp r is in g ly  u n re ac tiv e  -  i l l u s t r a t i n g  another  
analogy between oxygen- and dicyanomethylene- compounds, s ince carbamoyl 
c h lo r id e s  are also ra th e r  u n re a c t iv e .  A sample d isso lved in  aqueous 
methanol was la r g e ly  recovered by concentra tion  o f the s o lu t io n ,  
although evaporation to dryness caused decomposition.
To convert 46 (X = c i )  to  the a lk o x y -  d e r iv a t iv e s  (4 7 ) i t  was necessary  
to heat i t  w ith  a lcoho ls  under r e f lu x ,  so th a t  hydrogen c h lo r id e  was 
driven  o f f .  In  some cases, te tra h y d ro fu ra n  was added as a s o lv e n t .
The use o f a d d it iv e s  to take up the hydrogen c h lo r id e ,  such as potassium  
carbonate, sodium a ce ta te  or t r ie th y la m in e ,  caused decomposition, and 
the re q u ire d  compounds were not obta ined.
A m ino-(bu ty lm ercap to )-m ethy lenem alo non itr ile  was prepared s im i la r ly  
using b u ty l  mercaptan in  p lace of an a lc o h o l.
When b u tano l,  potassium tricyanom ethanide and an eq u iva len t  amount of  
h yd ro ch lo r ic  acid  were heated to g e th e r ,  a small amount (15^) o f  amino- 
(b u to xy )-m eth y le n em a lo n o n itr i le  (49: R = n-C^Hg) p r e c ip i ta te d .  The 
re a c t io n  was not in v e s t ig a te d  fu r t h e r .
Three routes to a lkoxy-am inom ethylenem alononitr iles  not based on tr icyano ' 
methane, or i t s  s a l t s ,  have been described in  the l i t e r a t u r e .  M a r t in ,
Schwarz, Rackow, Reich, and GrUndemann prepared them from a lk y l
38acyanates and m a lo n o n it r i le ,  Middleton, and Engelhardt prepared the
ethoxy- and 2 -hydroxyethoxy- compounds from dicyanoketene d ie th y l  a c e ta l
and dicyanoketene e thy lene a c e ta l ,  r e s p e c t iv e ly ,  and A l le n s te in  and 
o
Fuchs prepared the ethoxy- compound from diethoxym ethyleneim ine;
i l l *  D e r iv a t iv e s  of Dicyanoacetamides  
Reaction w ith  Amines
T re a t in g  the potassium s a l t  o f dicyanoacetamide ( 2 b) w ith  an amine hydro­
c h lo r id e  in  water could g iv e , in  theory , any o f fo u r products (48 , 49,
50 or 1 6 ) :
CN
1 2+  —  IR R NH .C l  + KC— CONH,
I 4 
CN
( 2 b)
CN
1 2+ ^R R NH?.-C — C0NH2
:n
(48 )
CN
1 2+  I ■R R NH0 .~C— CONhL
2 I h
(4 8 )
r 1 r 2nh
L
.1 ^ 2 ,
(49 )
CN
HC—C0NH2  ^  
CN
NC OHi w/  \
NC W
(50)
J
heat
2 r /cnR N .C=C
^ C N
or or
CNCONH
(1 6 )
In  many cases, the s a l ts  (48 ) p re c ip i ta te d  s t r a ig h t  away i f  warm s o lu t io n s  
o f the potassium s a l t  o f  dicyanoacetamide and amine hydroch lorides  were 
mixed and cooled. Heating the m ixtures gave s u b s t itu te d  3 ,3 -d ia m in o -
2-cyanopropenamides ( 4 9 ) ,  but no evidence was ever found fo r  the fo rm ation  
o f 16 or 50.
Reaction ra te s  p a r a l l e l l e d  those o f potassium tricyanom ethanide w ith  amine 
h yd ro ch lo r id es , but were a l l  somewhat slower. The stronger bases, such 
as p ip e r id in e ,  did not re a c t .  In  the case of the tricyanom ethanides these  
re a c t io n s  were c a r r ie d  o u t,  in s tea d , in  the amine from which the s a l t  
was prepared, but s u b s t i tu te d  ammonium s a l ts  o f dicyanoacetamide (4 8 )  
did  not give diaminopropenamides (49 ) under the same co n d it io n s . A l ip h a t ic  
amines are g e n era l ly  more basic than aromatic ones, and d id not re a c t  
w ith  dicyanoacetamide under the cond itions  t r i e d .
The diaminopropenamides could e x is t  in  many tautom eric  forms. The 
s tru c tu re s  51a or 51b were assigned to- them 'in  the f i r s t  in s ta n ce , but 
no attem pt has been made to d is t in g u is h  between these two geom etrica l  
isomers which, indeed, may be in te rco n ve rte d  v ia  tautom eric s tru c tu re s .  
The spectra  of the compounds are discussed in  Chapter IX .
I 2 /
ArNH.C=C
NH  ^ y Z H  
\
(51a)
NH_ .CONH 
ArNH.C=C
CONH. \ CN
(51b)
3 , 3-D iam ino~2-cyano-j\[-substituted-dicyanoacetam ides (52) were prepared  
by heatin g  ap p ro p ria te  acetamide s a l ts  w ith  amine hydroch lorides  in  
w ater:
CN
M+ . C—  C0NR1 R2  + ArNH^.Cl
NH0  X 
\ 2 /  
ArNH.C— C •
\
N
C0NR1 R2
(52)
a: R1 = Me, R2  = H
b: R1 = Me, r 2  = Me
c: R1 = E t , R2  = H
d: R1
_cCLII II
CMCC H
Reaction ra te s  were about the same as those o f the potassium s a l t  of 
dicyanoacetamide, or a l i t t l e  s lower, but the products were o fte n  slow to  
c r y s t a l l i s e .  Some o f them separated as o i l s  which only c r y s t a l l i s e d  on 
t r i t u r a t i o n  w ith  e thano l.
The only re fe rences  in  the l i t e r a t u r e  to 3 , 3 -d iam in o - 2 -cyano-propenamide 3
are to the unsubstitu ted  compound i t s e l f ,  to 2 - ( 2 -a m in o - 1 -c y a n o - 2 -o x o -
e th y l id e n e ) - im id a z o l id in e ,  and to 3-am ino-2-cyano-3-hydrazinopropenam ide:
the f i r s t  two were suggested as h yd ro lys is  products from the  re la te d
38ad i n i t r i l e s  by Middleton and Engelhardt , but not co n c lu s ive ly  i d e n t i f i e d
14the t h i r d  was prepared by Dornow and Dehmer -
H2/
OH aq.
H N 
2
H„N Cl
■2 "  J 0 N H 2 .
OH aq.
♦  CKNH CNONH,
Me!
h 2 n
nh 2 nh2 . h 2 q
EtOH
CN
h'2N CONH
Reaction w ith  Diamines
KC(CN) CONH /HC1 aq.
NH
(5 3 )
,CN
\ CONH,
ONH
nr
(55)
■NH
CN
(5 4 )
T h e -re ac t io n  o f jo-phenylenediamines w ith  tricyanomethane gave amino- 
(2 -am inophenylam ino)-m ethy lenem alonon itr iles . The analogous re a c t io n -  
w ith  dicyanoacetamide was expected to  give compounds 53, but a n a ly s is  
of the products showed them to contain less  n it ro g e n . In  some cases, 
the r e s u l ts  o f analyses were cons is ten t w ith  the loss  of NH  ^ from 
s tru c tu re  53 -  in  o th e rs , w ith  a m ixture  of such a compound and 53. In  the  
l a t t e r  cases, s o lu t io n  of the products i n  a l k a l i ,  fo llow ed by r e p r e c i ­
p i t a t io n  w ith  a c id ,  gave products analys ing  as (53 -  NH^).
Benzim idazoline s tru c tu re s  (55 ) were assigned to the new products .  
There are benzodiazepines (5 4 ) isomeric w ith  the benzim idazolines  
prepared from dicyanoacetamide, but N^methyl- and _N-phenyl-dicyano- 
acetamides gave benzim idazolines (56 and 57) unambiguously under the
same c o n d it io n s :
.NH, KC(CN) CONHMe/HCl aq.
(56 )
not
NH,
NH,
ONHPh
CN
(5-7)
not
NH
In  the  l a s t  two re a c t io n s ,  form ation o f benzodiazepines (58 ) isom eric  
w ith  the benzim idazolines would be most u n l ik e ly ,  since i t  would in v o lv e  
n u c le o p h i l ic  a t ta c k  on the diamine r in g  by a poor n u c leo p h ile ,  amide 
n itro g e n :
/ N H 2
NH.C
/
RNH x 0
-NH,
-H+ '
NH
CN
R
(58 )
The s im i l a r i t y  o f  the i . r .  spectrum o f 55 to  those of 56 and 57 confirmed  
th a t  i t  was a lso a benzim idazo line .
Reaction w ith  f in th r a n i l ic  Acids
NH
CONHR
CO H
NH
CN
NH
(59) (60)
There are  two p o s s ib le ,  isom eric products (59 and 60) from the re a c t io n  
o f dicyanoacetamides w ith  a n t h r a n i l ic .a c id s .
D e r iv a t iv e s  o f dicyanoacetamide, JN-methyldicyancacetamide> and JN-phenyl- 
dicyanoacetamide were assigned the quinazolinone s tru c tu re  ( 6 0 ) .  Quinazo- 
l in o n es  would be expected by analogy w ith  the re a c t io n  of tricyanomethane  
w ith  a n t h r a n i l i c  a c id .
Reaction w ith  Hydrazines
R1 |\!HI\IH2  + KC(CI\!)2 C0l\IHR2
HJ\K ,-^€0(\!HR'
NH,
( 61 )
S a lts  o f dicyanoacetamide reacted w ith  s u b s t i tu te d  hydrazine hydroch lorides  
in  water to give pyrazo les  (6 1 ) ,  but the re ac tio n s  went much les s  r e a d i ly
than in  the case o f tr icyanom ethanides. Attempts to prepare the  p a r e n t a l
1 2  1  ^(R ,R = H )J>f a i l e d  com plete ly . Dornow and Dehmer reported  th a t  they
could not bring  about c y c l is a t io n  of the  probable in te rm e d ia te :
|IH? ,CN H J \ I \_______^-CONH
'CONH,
p 2  r  " -------
NH0 NH0 .HCl + KC(CN) C0NHo  * H0 N.NH.C=C  V — *  [ |  .2 2 ' 2  2 2 y  / \  l\f *1
h2n CN
nh2 nk2
NH,
H
(61: R1 ,R 2  = H)
MeS ;onh,
The re a c t io n  w ith  methyl hydrazine was examined in  some d e t a i l  to  f in d  
optimum co n d it io n s . The r e s u l ts  a lso allowed some specu la tion  about the  
re a c t io n s  lead in g  to the pyrazo le  (6 2 ) .
1) MeNHNH^HCl + KC(CN)2 C0NH2
h2n ^ c o n h 2
Me
(62 )
NH,
2 ) msnh2 nh2 MeNHNH2  + H
3) C(CN)2 C0NH2  + H+ ^  h c (c n ) 2 conh2
4) (vleNHI\lH2  + HC(CN) C0NH2  —---------------------— > MeNHNH.C— C (o r  isomer)
.  ^CONhL
(63 ) 2
o
5) ^H2 / CM H2N > = = r r ' ™ \
NeNHNH.C=C r r
■^ O N H  V \ e ^
(63 ) (62 )
Vh2 /C N
2 ,NH.C=C
6 ) P 2 /CW
H+ + MeNHNH.C—-C - .......  —^ (v]ef a
\o N H _  ^CONH
(63 ) 2  2
The o v e r a l l  re a c t io n  is  represented by equation ( 1 ) .  Equations (2 ) ~ ( 5 )  
represent a p la u s ib le  route  to the product which provides exp lanations  
fo r  the fo l lo w in g  observations .
In  each experiment, equimolar amounts of methyl hydrazine and the  
potassium s a l t  o f dicyanoacetamide were heated in  aqueous s o lu t io n  a t  a 
s e r ie s  o f d i f f e r e n t  pH. So lu tions  i n i t i a l l y  a t  pH 7 and pH 8  remained 
a t  the same pH throughout the re a c t io n  p e r io d . Both of these, and a 
s o lu t io n  bu ffered  a t  pH 4 -5 ,  gave sm all y ie ld s  o f pyrazo le  (6 2 ) ,  tog e th er  
w ith  recovered potassium s a l t  o f dicyanoacetamide.
A s o lu t io n  bu ffered  a t  pH 3-4  gave no p yrazo le  ( 6 2 ) .  S ta r t in g  m a te r ia l
was recovered, toge ther  w ith  propenamide 63. 63 gave an i . r .  spectrum
— 1showing a s in g le t ,  CN peak a t  2195 cm , l i k e  those of o ther diaminocyana- 
propenamides, and i t s  m olecular weight was confirmed by high re s o lu t io n  
mass spectrom etry.
A s o lu t io n  i n i t i a l l y  a t  pH 1  gave a p r e c ip i t a t e  o f propenamide (6 3 )  a f t e r  
40 hours, but a f t e r  6 6  hours t h is  had disappeared and only p yrazo le  (62 )  
was is o la te d  from the re a c t io n  m ix tu re . During the re a c t io n  period  the  
pH of th is  m ixture  rose tc  6 . The y ie ld  o f p yrazo le  (62 ) was th re e  times  
th a t  obtained from reac tio n s  a t  pH 4 -8 .
Uhen double the th e o r e t ic a l  amount o f h yd ro ch lo r ic  acid  was added to the  
re a c t io n  m ix tu re ,  the f i n a l  pH was 5 but no s t a r t in g  m a te r ia l ,  no propen­
amide, and no pyrazo le  p r e c ip i ta te d  when the s o lu t io n  was c o d e d .
Heating an a u th e n tic  sample o f pyrazo le  (6 2 ) in  d i lu t e  h yd ro ch lo r ic  acid  
gave i t s  hydroch loride  but caused no decomposition.
The best y ie ld  o f pyrazo le  (62) was obtained when the s o lu t io n  was ju s t  
a c id i f i e d  to pH 1  and not b u ffe red . This can be expla ined by equations  
( 3 ) ,  ( 4 ) ,  (5 )  and ( 6 ) .  The r a te  of form ation of propenamide (63 ) w i l l  
depend on the concentra tions  of methyl hydrazine and dicyanoacetamide.
As dicyanoacetamide i s  a strong a c id ,  whereas methyl hydrazine is  a f a i r l y  
weak base, the re a c t io n  w i l l  depend mainly on the concentra tion  of  
dicyanoacetamide. Through e q u i l ib r iu m  ( 3 ) ,  the  concentra tion  o f dicyano­
acetamide -  and hence the ra te  o f  form ation o f propenamide (6 3 ) -  w i l l  be 
d i r e c t l y  dependent on hydrogen ion con cen tra t io n . But the conversion of 
63 to the pyrazo le  (62 ) w i l l  be in h ib i te d  a t  high hydrogen ion concentra tion  
because o f e q u i l ib r iu m  ( 6 ) .
In  a b u ffe red  s o lu t io n  a t  low pH, propenamide (63) w i l l  be formed, but 
c y c l is a t io n  to the pyrazo le  (62 ) w i l l  be prevented: a t  high pH, the  
re a c t io n  ra te  w i l l  be slowed down and re a c t io n  (4 )  w i l l  become the  
ra te  determ ining step -  propenamide (63 ) w i l l  c y c l is e  as ra p id ly  as i t  i s  
formed, and only p yrazo le  (62 ) (and s ta r t in g  m a te r ia ls )  w i l l  be is o la te d .
Reaction w ith  Hydrogen Chloride
Stamm and F U h r l in g ^  reported  th a t  the re a c t io n  of N.-phenyldicyano- 
acetamide w ith  hydrogen c h lo r id e  in  a c e t ic  acid  gave 3 -a m in o -3 -c h lo ro -
2-cyano-JM-phenylpropenamide (6 4 a ) .
-
h C - C O N H y ^ s  HCX
CN >
Cl\l
H( CONH'
(64a)(8a)
The re a c t io n  of the potassium s a l t  o f dicyanoacetamide w ith  h yd ro ch lo r ic  
acid  appeared to give a s im i la r  product (64b) which reacted w ith  e thano l  
to g ive 3-amino-3-ethoxy-2-cyanopropenamide:
CN Cl CN _. nLf EtO CN
I um \  /  Et0H
K.C —CONH  - t £ L  -a-H:----------------- \ --------(  »
4 N ■ ... H2N C0NH2  h2n conh2
(64b)
The re a c t io n  w ith  ethanol was slow, and both products were d i f f i c u l t  to  
p u r i f y .  No fu r t h e r  experiments were c a r r ie d  out.
IV .  D e r iv a t iv e s  of Dicyanoacetates and D ic ya n o th lo la ce ta te s  
Reaction w ith  Amines *
CN NH_ XN
+ -  1 IArNH .C l  + KC— CO Et  ------— ^ ArNH.C=C
I  ^ \
CN . CO Et
(65 )
The potassium s a l t  o f e th y l  d icyanoacetate  reacted  w ith  arylam ine hydro­
c h lo r id e s  in  water to give s u b s t itu te d  3 , 3-diamino-2-cyanopropenoates  
(6 5 ) in  an analogous way to the potassium s a l t  o f dicyanoacetamide. E thy l
3 -am ino-2 -cyano-3 -p iper id inopropenoate  ( 6 6 ) was prepared by heating  the  
p ip e r id in e  s a l t  o f e th y l  d icyanoacetate  in  p ip e r id in e :
heat
p ip e r id in e
.H .C (C N ) 2 C02Et ^ /CN
HJM C2 \
X C0 2Et
( 66 )
As w ith  the diaminopropenamides, i t  remains unknown which geom etrica l  
isomers were formed in  these re a c t io n s .
37M a r t in ,  Schwarz,. Rackow, Reich, and Grundemann prepared 3 -a l ly la m in o -  
and 3 - p y r r o l id in o - ,  3-amino-2-cyanopropenoates from e th y l  3 -am in o -3 -  
a r y lo x y - 2 -cyanopropenoates:
f  2 / CN 1 2  f 2 yCN• R R NH 1 2  I  'C=CT---------------------- --------- —— -------- *  R. R N .C =C
rn r4-C0 2Et XC0 Et
a: R1  = CH2 =CH.CH2, R2  = H
b: R1 , R2  = - (C H 2 ) 4-
12  •Coenen, Faust, R ingel,and Mayer prepared methyl 3 -a lk y la m in o - ,  
a l ly la m in o - ,a n d  hydrazino-, 3-amino-2-cyanopropenoates by displacement  
o f  an unusual le a v in g  group -  CCl^:
H_N. CN NH_ /C N
2  \  /  . | 2  /
\ _ y   }  R N H .C =C ^
Cl C CO Et SsC0_MeO Z /L
(R = a l k y l ,  a l l y l  or NH2 )
Bodnarchuk, Gavrilenko, and Momot used the same method to prepare a 
range o f a lky lam in o - and hydraz ino - d e r iv a t iv e s  not only of the e th y l  
e s te r ,  but a lso of m ethyl, i -p r o p y l  and t - b u t y l  e s te rs .  Gompper and 
T B p f l^ k  prepared methyl 3-amino~3-phenylamino-2-cyanopropenoate from 
methyl 3-methylmercapto-3--phenylamino-2“ Cyanopropenoate:
rv■NH. C—-C CN
'CO Me
NH3/EtOH
NH2  y  CN 
y - v ^ N H . C ^ C
[T J  \ o 2ne
The s a l ts  re la te d  to tr icyanom ethanides, excepting the tricyanom ethanides  
themselves and the carbon d isu lp h id e  d e r iv a t iv e s  ('1 1 )', can be represented  
by a genera l form ula, 67. As the group R i s  changed from s a l t  to s a l t  
to  a b e t te r  and b e t te r  lea v in g  group, a p o in t  might be expected a t  which 
the  course o f re ac t io n s  w ith  nuc leoph iles  would change, g iv in g  69 as 
products:
ArNH .C l
w
:n
K.C— C
d:N \ r
(67)
NH_ .CN 
I /  
ArNH.C=C
n C0R
(68 )
OH XN
^  ArNH.C-=C 
\ CN
(69)
Thus, i t  was o f in t e r e s t  to see what happened in  the cases o f s a l t s  o f  
phenyl dicyanoac  
(67 : R = COSEt).
oacetate  (67: R = C02 Ph) and e th y l  d ic y a n o th io la c e ta te
In  both cases, re ac t io n s  were analogous to those o f e th y l  d icyanoaceta te :  
arylam ines a ttacked  a n i t r i l e  group, ra th e r  than the carbonyl group.
The a n i l in e  d e r iv a t iv e  (70 ) o f phenyl d icyanoacetate  and d e r iv a t iv e s  (71 )  
o f e th y l  d ic y a n o th io la c e ta te  w ith  a v a r ie ty  o f arylamines were thus  
prepared.
(67: R = C02 Ph) (70)
I\IH2 .HC1 CN
+ KC— COSEt. ~
(In
(67: R = COSEt)
NH_
J = 2,
•CN
'COSEt
(71)
A comparison o f the re a c t io n s  o f e th y l 'd ic y a n o a c e ta te  and- amines w ith  
those o f d ie thoxym ethy lenem alon on itr ile  (72 )  i s  in te r e s t in g .
M iddleton and E n g e lh a rd t^ a prepared 72 from te tracyanoethy lene  and e th an o l,  
but i t  i s  fo rm a lly  the product o f e th y la t io n  o f e th y l  d icyan o ace ta te .  They 
found th a t  i t  reacted  w ith  an equ iva len t amount of amine to g ive an a l k y l -  
am in o -(e th o xy )-m eth y le n em alo n o n itr i le  ( 7 3 ) .  The product i s  fo rm a lly  the  
product o f e th y la t io n  of a dicyanoacetamide. I t ,  too, reacted  w ith  a 
f u r t h e r  q u a n tity  of amine to give a d iam inom ethylenem alononitr ile  (7 4 ) :
N(CN AS NC 0
" f - \  ) = (  ^
CN x 0Et NC OEt N
OH
)Et
NH„ /CNI 'm  _
RNH I7 v RNH.C=C
C0 2Et
(7 c )
NC CN
EtOH/urea
NC OEt
v  W
RNH
NC
2  > RNH.C=i
OEt /CN
I /
Et C^N
R NH
NHR /CN  
I /
? ) RNH.C=C
\ CN
(72) (7 3 ) (7 4 )
Arndt, Scholz,and Frobel thought th a t  e th y l  d icyanoacetate  was tautom eric  
in  w ater , being 26-60%  in  the enol form:
CN
I
HC— C02Et 
CN
(7 a )
NC
NC
\  /  
c=c
<  \ o
(7 c )
OH
Et
Presumably, in  the re ac t io n s  o f e th y l  d icyanoacetate  w ith  amines, the  
re a c t iv e  tautomer i s  not 7c, which would be expected to behave l i k e  72. 
The re a c t iv e  tautomer could be 7a, or a keten im ine , 7d:
(j)N
HC— CCLEt
i 2
CN
(7 a )
HN — C = l
(7d)
'CN
C^0 2Et
The way in  which a l l  the compounds re la te d  to  tricyanomethane re a c t  a t  a 
n i t r i l e  group can be expla ined s im i la r ly .  The fa c t  th a t  the compounds 
always seem to re a c t  in  t h is  way gives reason to th in k  th a t  the re a c t iv e  
species are keten im ines: n i t r i l e s  are not very good e le c t r o p h i le s ,  whereas 
ketenim ines would be more e le c t r o p h i l i c  than any of the o th er  groups 
in co rp o ra ted  in  the compounds; tautomerism to a ketenimine i a  not possib le  
f o r  compound 72 and i t s  n i t r i l e  groups are le s s  re a c t iv e  than i t s  k e te n -  
a c e ta l  group.
Amine D e r iv a t iv e s  Related to H e rb ic id a l  Ureas
C.NHMe
.CO^Et
Cl
Cl
0„Et
Cl
(76 ) (7 7 )
NC. CO Et 
T
Me.N.C.NH
(7 8 )
3 ,4 -D ich lo ro p h en y lu rea  (7 5 ) i s  a powerful i n h i b i t o r  of the H i l l  re a c t io n  
and a good h e rb ic id e ,  known as "monuron” . I t  was thought th a t  76 might have 
a s im i la r  enough s tru c tu re  to be a c t iv e ,  too , and an attem pt was made to  
prepare  i t  by m ethy la tion  o f the ap p ro p ria te  diaminocyanopropenoate (65:
Ar = 3 , 4 -d ic h lo ro p h e n y l) . But the product turned out to be the wrong 
isomer, 77. Both i t s  i . r .  and p .m .r .  spectra  showed the presence of an 
NH2  group and a comparison w ith  an au th en tic  sample o f 76 prepared l a t e r  
by. an a l t e r n a t iv e  route  confirmed th a t  i t  was not th a t  compound:
m . t — f
•C02Et Mel
(65: Ar = 3 , 4 -d i -C l -p h e n y l )
CG_Et
CN
3 , 4-d i-C l-PhNH
0 Et
Cl
Cl
SMe ^ C N
\ sC0 2Et
NH
MeNH
Cl
Cl
NHMe /CN 
{ _ /
\ CO^Et
(7 6 )
M e th y la t io n  o f 65 (Ar = 3 -n i t ro p h e n y l)  s im i la r ly  gave 78. Although  
they were not the isomers most l i k e  the model compound, 75, both 77 and 
78 were H i l l  re a c t io n  i n h ib i t o r s .  T h e ir  h e r b ic id a l  a c t i v i t y  was very  
low -  i t  i s  o ften  found th a t  in  v i t r o  b io lo g ic a l  a c t i v i t y  i s  not accom­
panied by i j i  v ivo a c t i v i t y  because o f the many other fa c to rs  which can 
i n t e r f e r e  w ith  the ac t io n  o f a compound.
Reaction w ith  o-Phenylenediamines?N 
+ K.j:C— CO Et
NH, CN
HC1 aq.
0„Et
(79 )
f ^ V N H 2
U l  +N— 'p'NH,
CN
I
K.C— COSEt 
CN
NH CN
HC1 aq.
OSEt •
(8 0 )
Heating js-phenylenediamine w ith  the potassium s a l t  o f e th y l  dicyano­
a c e ta te  and one e q u iva len t o f d i lu t e  h yd ro ch lo r ic  acid  gave the  benzim ida-  
z o l in e ,  79. The potassium s a l t  o f e th y l  d ic y a n o th io la c e ta te  gave only the  
a c y c l ic  d e r iv a t iv e ,  80.
In  f a i l i n g  to c y c l is e ,  80 behaved l i k e  the analogous d e r iv a t iv e s  o f t r ic y a n o ­
methane. I t  i s  not c le a r  why these compounds should be so d i f f e r e n t  from 
the  analogues prepared from d icyanoacetates and dicyanoacetamides, which 
c yc l is e d  spontaneously.
Reaction w ith  A n th ra n i l ic  ftcid
CN
2  + K . i — CO Et
C02H In
HC1 a q . ?
NH2  ^ c n
NH.C— C
\ C0 2Et
co2h
(8 1 )
NaOH aq.
0„Et
(8 2 )
or *
co2h
CN
CN
COSEt — aq- — ^ OSEt
CO H
COSEt
(83 )
With a n t h r a n i l ic  a c id ,  e th y l  d icyanoacetate  gave a diaminopropenoate
(8 1 ) which cyc lised  to  a quinazolinone (82 ) when i t  was heated in  aqueous 
a l k a l i .  E th y l d ic y a n o th io la c e ta te  gave a quinazolinone (83 ) d i r e c t l y ,  
w ithout the need fo r  a l k a l i  trea tm en t.
Reaction w ith  Hydrazines
37
M a r t in ,  Schwarz, Rackow, Reich,and GrUndemann prepared e th y l  3 ,5 - r i i -  
am ino pyrazo le -4 -carboxy la te  (84) from e th y l  3 -am ino-3-phenoxy-2-cyano-  
propenoate. The methyl e s te r  ( 8 6 ) was prepared by Dornow and Dehmer 14
12and by Coenen, Faust, R ige l, and Mayer who is o la te d  the in te rm e d ia te ,  
methyl 3-am ino-2-cyano-3-hydrazinopropenoate  (8 5 ) :
Methyl hydrazine reacted  w ith  the potassium s a l t  o f e th y l  d icyanoacetate  
in  d i lu t e  h ydroch lo r ic  acid  to give e th y l  3 , 5 -d ia m in o -1 -m e th y lp y ra zo le -  
4 -c a rb o x y la te  (8 7 ) .  The y ie ld  was low and much unreactsd d icyanoacetate  
s a l t  remained in  the re ac t io n  l iq u o rs  even a f t e r  a heating  time o f 6 8  
hours. Phenyl hydrazine and the potassium s a l t  o f e th y l  d ic y a n o th io l ­
ace ta te  in  h ydroch lor ic  acid  gave 8 8 .
NeNHNH,
:n
K.l -C0 2Et HC1 aq.
CO-Et
NHNH, CN
+ K .C-C OSEt
I
CN
COSEt
HC1 aq.
NH
(8 8 )
Pyrazo le  87 appeared to be a s u i ta b le  s ta r t in g  m a te r ia l  fo r  the p re p ara t io n  
o f pyrazo lopyrim id inones (90 and 92) which, i t  was thought, might be 
h e r b ic id a l .  I t  reacted  w ith  p iv a lo y l  c h lo r id e *  to give 89, but when th a t  
was heated w ith  hydrazine hydrate i t  gave not the pyrazo lopyrim id inone , 90, 
but the pyrazo lecarboxhydrazide , 91. With d i lu t e  aqueous hyd raz in e , 89 
did not re a c t  a t  a l l .
* P iv a lo y l  c h lo r id e  is  the common name fo r  2 ,2 -d im eth y lp ro p an o yl c h lo r id e .
The pyrazo lecarboxhydrazide , 91, was a lso prepared d i r e c t l y  from 87 w ith  
hydrazine h ydrate , li/hen i t  was heated w ith  t r i f l u o r o a c e t i c  a c id ,  i t  
gave a v iscous, black o i l  which did not appear to conta in  any o f the  
pyrazo lopyrim id inone , 92.
(87 )
C0„Et
Me NHCO.CMe
l\!H2IMH2 .H20
(90 )
h2n
nh2 nh2 .h 2o
C0.l\lHI\!H2  c p  c q  h H2NnY 
2  » '
N
a
Me
NAN CF
(91) (9 2 )
As the p rep ara tio n  o f pyrazo le  87 i t s e l f  from e th y l  d icyanoacetate  was 
in co n ven ien t, these routes to pyrazo lopyrim id inones would not be very  
u s e fu l ,  and were not in v e s t ig a te d  fu r t h e r .
Reaction w ith  Hydrogen Chloride
EtO
EtO
CN
HC1
HO CN
EtO CN
(+ E tC l)
HC1
Cl
h2n
CN
C0 2Et
(93a)
Cl> -CN
HN C -O E t  
I
OH
(93b)
M iddleton and E n g e lh a rd t^ 3 reported  the re a c t io n  o f d ie thoxym ethylene-  
m a lo n o n it r i le  w ith  anhydrous hydrogen c h lo r id e  to g ive a product which 
they regarded as 93b. A l le n s te in  and Quis c a r r ie d  out the same re a c t io n  
using concentrated h yd ro ch lo r ic  acid but they p re fe r re d  the tau tom eric  
s t r u c tu re ,  93a, from the i . r .  spectrum. They suggested th a t  the f i r s t  step  
in  the re a c t io n  was the form ation of e th y l  d icyanoaceta te .
Treatment of the potassium s a l t  o f e th y l  d icyanoacetate  w ith  e th a n o lic  
hydrogen c h lo r id e  a t  room temperature.gav/e the same product. S im i la r ly ,  
the  potassium s a l t  o f e th y l  d ic y a n o th io la c e ta te  gave e th y l  3-amino-3~  
c h lo ro -2 -cyan o p ro p en o th io la te  (94 ) when tre a te d  w ith  h ydroch lo r ic  a c id :
CN
K.C— COSEt  ^
CN 
(9b )
E th y l  3 -am ino-3 -e thoxy -2 -cyanoprop enoth io la te  (95 ) was prepared from 94 
by heat in g  i t  in  e thanol:
EtO, CN
EtOH
OSEt H2N COSEt
V. D e r iv a t iv e s  of N itro s o m a lo n o n itr i le *
Reaction w ith  Amines -
The re a c t io n s  o f the sodiurn s a l t  o f n i t ro s o m a lo n o n it r i le  w ith  amine 
h ydroch lorides  were not as s t ra ig h t fo rw a rd  as those of o ther s a l ts  re la te d  
to  tricyanom ethane. Extensive decomposition occurred when the s a l t  was 
heated w ith  3 - t r i f lu o r o m e t h y la n i l in e ,  3 -c h lo ro a n i l in e ,  2 ,6 - d ic h lo r o -  
a n i l in e ,  2 - n i t r o a n i l i n e , o r  3-am inopyrid ine  and an e q u iva len t amount o f  
h yd ro ch lo r ic  a c id .  jo -To lu id ine  gave the s a l t  ( 9 6 ) ,  but when t h is  was 
heated in  w ater ,  g la c ia l  a c e t ic  a c id ,  p y r id in e ,  o^-toluiciine, d im e th y l-  
formamide, e th a n o l,  bu tano l,  4 -m ethyl-2-pentanone, or chlorobenzene, i t  gave 
no 97:
+ NaC(CN)2 l\IO HC1 aq.
+ *
a NH,.C(CN)-N0nMe
m
no
or
(9G)
NH
C—C
NOH
(97a) (97b)
3 ,4 - D ic h lo r a n i l in e  did g ive a low y ie ld  o f the diaminooximinopropano- 
n i t r i l e  (98 ) w h i ls t  3 - n i t r o a n i l in e  gave a good y ie ld  o f the analogue (9 9 ) .
CN 
Nad— NO
£n
NH,
HC1 aq. v  ^ NO
ljIH2  ^ C N  
N— C— C.
NOH
(98: X = 3 , 4 - d i - C l )  
(99: X = 3-N02 )
99 reacted  w ith  dimethylcarbamyl c h lo r id e  to g ive an oxime carbamate
( 1 0 0 ) .  A strong absorption in  i t s  i . r .  spectrum a t  1755 cm c o r re la te d
55
w e l l  w ith  those found in  the spectra o f o ther oxime carbamates and
p 2 / CN
W=C— c
^WOH
WO,
Me2 WC0.Cl 
Et W
Wl-L /CN
I 2  /  w =  c-~c
^WOCO.WMe,
(9 9 ) ( 100)
The evidence from spectroscopy th a t  the compounds ex is ted  as the tautomers  
shown i s  discussed in  Chapter IX .
4 -W i t r o a n i l in e  reacted w ith  n itrosom alonon.itr i . le  to g ive a product  
w ith  the formul 
was not proved.
a C-H.jM.O.. The mcst l i k e l y  s tru c tu re  was 101, but t h is
y o 4 4
i\IH
HC1 aq.
WO
WOH
9
0  cw
WH.C.C=WOH
WO
( 101)
Reaction w ith  A n th ra n i l ic  Acid
o c . .  *
WaC(CW)2 W0 — HC1 aq. ->
co2h
WH_ /CW 
I 2 /  
!H.C=C
WO
CO„H
or tautomer
( 102)
WOH
CW
(103)
 (o r  tautom er)
The quinazolinone s tru c tu re ,  103, was assigned to the product o f  t h is
re a c t io n ,  by analogy w ith  the re ac tio n s  of o ther s a l ts  r e la te d  to
tricyanom ethanides. 103 reacted w ith  dim ethyl carbamoyl c h lo r id e  to  g ive
—1an oxime carbamate (1 0 4 ) .  Carbonyl absorption a t  1780 cm in  i t s  i . r .  
spectrum confirmed th a t  i t  was tha oxime carbamate, and not a urea such as 
105.
NOH
CN Me NCO.C1
(103)
0
(104)
(o r  tautomer)
I0H
(105)
Reaction u i th  Other Nucleophiles
The re a c t io n  of n i t ro s o m a lo n o n it r i le  u i th  o_-phenylenediamine has not 
been in v e s t ig a te d .  There uas extensive  decomposition uhen the sodium s a l t  
o f n i t ro s o m a lo n o n i t r i le  uas heated u i th  one e q u iva len t o f d i lu t e  hydro­
c h lo r ic  acid  and phenyl hydrazine or 4 -n itro p h e n y lh y d ra z in e .
I t  uas a lready knoun th a t  n it ro s o m a lo n o n it r i le  reacted u i th  f a i r l y
/ \ 53concentrated h ydroch lor ic  acid  to give oximinocyanoacetamide ( 1 2 c)
NOH
H_N.0D
( 1 2 c)
V I .  Use of Carbon D isu lph ide  D e r iv a t iv e s  
In tro d u c t io n
I\IR1 R2 ^/CI\I R1 R2 Nv  M ' S ______/  CM
ArNH.C=C
s r ~ — f  2   S '
R3  R3 /  N k / ^NH2  R3 /  ^ N '  NR'R'
(106) (107) (108)
Reactions o f the s a l ts  described in  the preceding chapters led  to
1 2diaminoethylenes (106) and pyrazo les  (107 or 108) in  which R and R 
were both H.
The m ethy la tion  products (77 and 78) o f . two o f the d iam incethylenes were
H i l l  re a c t io n  in h ib i t o r s .  This  suggested th a t  there  might be o th er
1 1 2compounds such as 106 (R , or R and R = a l k y l ) ,  in  the s e r ie s  w ith  
u s e fu l  h e r b ic id a l  p ro p e r t ie s .  A convenient synthesis  was needed.
m  .CN 
N .C =C
CO Ft
NO
\ c 0 2Et 
: i
(7 7 ) (78 )
The pyrazo les  (107 , 108) were used to prepare 3-am inopyrazolopyrim idinones  
which are described in  the next chapter. In  order to c o n tro l  which isomers 
were formed when the a lky lam inopyrazolopyrim id inones were prepared, a method 
o f  preparing  pyrazo les  (107 or 108) o f  known isom eric  s tru c tu re  was 
needed.
2 0 aGompper and TBpfl described the p re p ara tio n  o f a group o f b is -m e th y l -  
m ercaptoethylenes ( 1 1 0 ) which appeared to be id e a l  s ta r t in g  m a te r ia ls .
They described t h e i r  re ac tio n s  w ith  a n i l in e  and ammonia to g ive  diamino­
e thy lenes  (1 1 2 ) ,  and w ith  hydrazines to  give pyrazo les  (1 1 3 ) .  (They wrote  
the s tru c tu re  o f the in te rm ed ia te  s a l ts  as 109a: w r i t te n  as 109b, they can
be seen to be members o f the group o f s a l ts  re la te d  to t r ic ya n o m e th a n id es ) .
R'CH CN + CS2 NaOMe
NC
R1
SNa
SNa
(109a)u
■ f"
Na.C— Cvi1 S.Na
_  (109b)
FleoS0
or Mef NC Sfle
1 '  \R SMe
( 110)
NC SMe
R r  SNe
( 110)
PhNH.
SMe /CN
kj
( 111)
V
R NHNH
(113)
113a: R1  = CN,
?
R = H
b: R1  = CN, R2  = Ph
c: R1  = CO ^e, R2  = Ph
d: R1  = C0NH2 , R2  = Ph
14
NhL/EtOH_ _ j   ____
100
NH0  /C N
i 2  /
• NH. C=C
( 112)
112a: R1  = CN (13: X 
b: R1  = CO^e
Dornou and Dehmer reported  the p rep ara tio n  o f 113 (R = 
from 110 (R 1  = C O ^ e ) .
co 2 ne , R = H)
Oiaminoethylenes
I t  has been found th a t  the in te rm e d ia te  am ino-(m ethy lm ercapto )-e thy lenes  
(116) re a c t  more re a d i ly  u i th  a lkylam ines than Gompper and TBpfl had found 
them to do u i th  ammonia. For example i t  uas only necessary to heat them in  
ethano l or methanol u i th  methylamine, e th y lam in e ,o r  dimethylamine. When 
b is -(m e th y lm ercap to )-m eth y len e m a lo n o n itr i le  ( 1 10: R =i CN) uas heated u i t h  
excess dimethylamine, both methylmercapto groups uere d isp laced:
The re a c t io n s  of the in te rm ed ia tes  (116) w ith  d ie thy lam ine  were slower, 
but s t i l l  d id not c a l l  fo r  the use of increased pressure, which Gompper 
and TBpfl had found necessary fo r  the re a c t io n  w ith  ammonia.
SNe
— c 
\ r 1
n r 2 r 3
cw
NH
1
(116) (117)
^  R1
R1  = CN, C0NH2 , C O ^e, or CO Et 
Arylamines were much less  re a c t iv e ,  so i t  was not possib le  to  reverse  the  
order o f in tro d u c t io n  o f the s u b s t itu te d  amino groups. For example, 
a n i l in e  and m ethylam ino-(m ethylm ercapto )-m ethylenem alononitr ile  (118) d id  
not re a c t  when heated in  e thanol or 2 -methoxyethanol:
NHMe
NeS.
PleS
CN
CN
MeN CT 'CNx ^ y - N H . C ^ C
onH
An exception was the s p ec ia l  case, reported  by Gompper and TBpfl , 
o f the re a c t io n  o f  o^-phenylenediamine w ith  b is -(m eth y lm erc ap to )-m eth y len e -  
m a lo n o n it r i le  to  g ive a benzim idazoline ( 1 2 0 ) :
SMe /CN 
CN I /NH
NH,
MeS
Me!
/\,
heat
EtDH \ CN
(119)
CN
1The in te rm ed ia te  am ino-(m ethylm ercapto)-e thy lenes (116: R 4- CN) and the  
diaminoethylenes (117: R ^ CN) should each e x is t  in  two g e o m e tr ic a l ly  
isom eric  forms. However, they appeared to be s in g le  isomers. The p .m .r .  
spectra  o f the in te rm e d ia te s ,  116 (R ^  CN), showed s in g le  absorption  peaks
from the MeS protons, whereas the spectra of 110 (R £  CN) showed two 
MeS s ig n a ls ,  as expected. Separate NH peaks might be expected in  the  
p .m .r .  spectra  of the products, 117 (R ^  CN), fo r  t h e i r  d i f f e r e n t  isomers, 
but these were not seen, suggesting th a t  the products were s in g le  isomers.
Methylmercaptopyrazoles
The re a c t io n  o f b is -(m e th y lm ercap to )-m eth y len em a lo n o n itr i le  w ith  methyl 
hydrazine in  water gave a pyrazo le  ( 1 2 2 ) which, from i t s  p .m .r .  spectrum, 
appeared to be a s in g le  isomer. The re a c t io n  of benzaldehyde methylhydrazone  
w ith  b is -(m e th y lm e rc ap to )-m e th y len e m a lo n o n itr i le ,  followed by h y d ro lys is  
and c y c l is a t io n  o f the f i r s t  product ( 1 2 1 ) could only lead to  one p y ra zo le ,  
which proved to be the same isomer ( 1 2 2 ) :
MeS CNKMeS Cl MeNHNH,
MeS
MeS
CN H=N.NHMe
Me -CN
Me'
( 122)
HC1 aq.
Me SMe ^ C N  
f^ rsV C H =N .N .C ~C
^ C N
This means th a t  the a d d it io n s  o f methyl hydrazine and phenyl hydrazine  are
2 0 cin  opposite  senses, s ince Gompper and TBpfl reported  113 to  be the  
tautomer formed in  the l a t t e r  case. The obvious exp lanation  i s  th a t  the  
f i s s t  step in  the re a c t io n  i s  displacement o f methyl mercaptan, through  
a tta c k  by the most n u c le o p h il ic  n itrogen  o f the  hydraz ine , fo llo w ed  by 
c y c l is a t io n :
MeS
MeS MeS *
MeNH.NH Me
Me
CN
( 122)
MeS CN SMe / C N  M e S v _ ^ C N
I.NH.C=C----------- :> PhNH. .   >
MeS^ \ n  ^ C N
' PhPh.NH.NH2
(113: R1  = CN, R2  = Ph)
The methylated n itrogen  of methyl hydrazine would be expected to be not 
only the more n u c le o p h i l ic ,  but a lso the more bas ic . At moderately  
acid  pH, an aqueous s o lu t io n  would be expected to contain mainly ca t io n  
123, ra th e r  than 124. The NH2  group o f 123 might be s t i l l  n u c le o p h i l ic  
enough to re a c t  w ith  b is -(m ethy lm ercap t'o )-m ethy lenem alonon itr i le ,  and 
the re s u l ta n t  pyrazo le  (126) would be isom eric w ith  1 2 2 :
+ + + + MeSv vCN
MeNH2 NH2  MeNH.NH^ MeNH^H^ j
Me/ N N ^ ^ X NH2
(123) (124) (125) (122)
MeS CN Me*
+
+
MeNH2 NH2
MeS^ CN MeNH2 .NH
CN
-H
‘NH2
(126)
For 126 to be formed, f re e  from 122, no f re e  methyl hydrazine must be 
p re se n t,  so the id e a l  pH would be a ra th e r  low one, at- which a sm all  
amount of 123 was present in  e q u i l ib r iu m  w ith  125. A s e r ie s  o f e x p e r i ­
ments a t  d i f f e r e n t ,  bu ffered  pHs confirmed t h is  theory . As the pH was 
lowered, 126 began to  appear u n t i l , a t  pH 3 -43 tw ice  as much 126 as 122 
was formed. P re d ic ta b ly ,  the re a c t io n  r a te  was a lso slowed down as the  
pH was lowered and a t  pH 1-2 re ac t io n  stopped a lto g e th e r  ( o r ,  a t  l e a s t ,  
no pyrazo le  had formed a f t e r  30 hours ).  Thus, somewhere between pH 1 
and pH 4 , 126 may -be formed almost e x c lu s iv e ly .
The re a c t io n  o f methyl hydrazine w ith  b is -(m eth y lm ercap to )-m e th y len e -  
m a lo n o n it r i le  in  g la c ia l  a c e t ic  acid gave a moderate y ie ld  o f 126, f re e  
from the  o ther isomer. However, th is  was fo r t u i t o u s ,  s ince the r e c r y s t a l ­
l i s a t i o n  l iq u o rs  were found to conta in  some 122. In  a d d i t io n ,  o th e r  
by-products were formed, which may have been the pyrazo lopyrim id inones ,  
127 and 128.
MeS
MeNHNH + AcOH
Me'
JCN
Me ^ ih,
( 122)
MeS
Me
(126)
Me
MeS
(127) (128)
122 reacted  very re a d i ly  w ith  benzaldehyde to give 129: i f  121 was heated 
w ith  d i lu t e  h ydroch lo r ic  a c id ,  i t  was 129 which was is o la te d ;  to get the  
p y ra z o le ,  1 2 2 , i t  was necessary to steam d i s t i l  benzaldehyde out o f the  
m ixtu re .
SMe XN
1 ^  C H -N .N .C — C
Me ^ C N
MeS
HC1 aq. v
---------------- > M e ^ X ^
( 122) 
A
-CN
NH,
CHO
MeS N.
Me /  N l ^ ^ N  
(129)
2 0 c
Gompper and TBpfl defined pyrazo le  113a as the 5-am ino-3-m ethylm ercapto-  
tautomer more or less  a r b i t r a r i l y .  T h e ir  choice has been confirm ed, a t  
. least fo r  the compound in  so lu t io n  in  dim ethyl sulphoxide. The r ing ' NH 
absorption  could not be seen in  the p .m .r .  spectrum of 113a, but the  NH^ 
absorption  was a t  6  6 .3 .  The NH£ absorptions o f 122 and 126 were a t  
6  5 .5  and 6  6 . 6 , r e s p e c t iv e ly ,  suggesting a c lo ser  s im i l a r i t y  between 113 
and 126 than between 113 and 122.
MeS
"IT
Cl\l
N\!H,A ‘
(113a)
MeS
Mb '
( 122)
'CN
NH, NH
(126)
Pyrazo les , 113a, 122sand 126, were used to prepare 3-methylmercapto-  
pyrazolopyrim idinones by methods described in  the next chapter.
3-Amino--5-alkylaminopyrazoles
R2R3N CN
p y ' N m 2
(13D)
3 -A m in o -5 -a lk y la m in o p y ra z o le -4 -c a rb o n itr i le s  (130) uere re q u ire d  fo r  the  
p re p ara tio n  of 3 -a lky lam inopyrazo lopyrim id inones .
3 -A m in o -5 -m e th y lm erc ap to -1 -m e th y lp y ra zo le -4 -c a rb o n itr i le  (122) d id not 
re a c t  u i th  amines r e a d i ly ,  so a l t e r n a t iv e  routes  uere explored .
M ethy lm ercap to -(2 -m ethy lp ropy lam ino)-m ethy lenem alonon itr i le  (131) reacted  
u i th  aqueous hydrazine to give the p y ra zo le ,  132 , but the re la te d  dimethyl-  
amino compound, 114, gave a m ixture  o f d imethylamino- and methylmercapto- 
pyrazo les  (133, 113a):
Me2CH.CH2 CN\
/ =
MeS • CN
(131)
CNMe^CH.CH^NH
NH
(132)
(o r  tautom er)
Me N CN Me N
V /  NH2NH2 aq.
MeS IN
(114)
I '^ I
H
(133)
CN
NH,
CN
(o r  tautomers
NH
Me2N CN
Me,
b is -^d im eth y iam in o ;-m eth y ie n em alo n o n itr i le  U15J did not re a c t  w ith  
aqueous hydrazine . Although apparently  as good a lea v in g  group as 
methylmercapto-, the dimethylamino- group must be a b e t te r  e le c tro n  
donor, countering the a c t iv a t in g  e f f e c t  o f  the n i t r i l a  groups on the  
methylene group.
The re a c t io n  o f am ino-(m ethy lm ercapto )-m ethy lenem alononitr ile  (134)  
w ith  methyl hydrazine gave 3 , 5 -d ia m in o -1 -m e th y lp y ra z o le ~ 4 -c a rb o n itr i le  
(1 3 5 ) ,  which had been prepared a lso from potassium tricyanom ethanide:
MeS ^  aq./EtOH H2^  ^  MeNHNH2 H2Nn|
MeS \ n MeS CM Me
d
(134) (135)
In  the above cases, the products could only be s in g le  isomers. The 
re a c t io n  of an a lk y l  hydrazine w ith  an a lky lam in o -(m eth y lm ercap to )-  
m eth y lenem alonon itr i le  could g ive one, or both, o f two isomers (136 ,  
137):
R2NH CN R2NH
+  R1NHNH2 --------- ^
MeS CN R1^ "
CNR NH
(137)
In  view of t h is  problem, and the f a c t  th a t  the re a c t io n  o f hydrazine  w ith  
dim ethylam ino-(m ethy lm ercapto )-m ethy lenem alononitr i le  gave a m ix tu re ,  an 
a l t e r n a t iv e  route  was used. This was l i k e  the route  used to prepare
3 -a m in o -5 -m e th y lm e rc a p to -1 -m e th y lp y ra zo le -4 -c a rb o n itr i le  (122) unambi­
guously. I t  gave 3 -am ino-5-a lkylam ino  pyrazo les  (139) -  the  ones o f most 
in t e r e s t  fo r  the p rep ara tio n  o f pyrazolopyrim idinones fo r  reasons expla ined  
in  the next chapter.
? 3 NR R
MeS CN SMe ✓CN | XN
PhCH=N.NHMe nunLJ .. M /  R R NH nunLJ M < /-----------------------------> PhCH=N.N.C=C---------- ------------------ ^ PhCH=N.N.C=C
* \  ' \Mo \rw  Mo MMeS CN e NCN e XCN
( 1 3 3 )(121)
^ H C l  aq. 
-PhCHO
R CN
(139)
L ik e  3 -am in o -5 -m eth y lm ercap to -1 -m eth y lp y razo le -4 --ca rb an itr i le  (1 2 2 ) ,  
these p yrazo le  products (139) reacted  re a d i ly  w ith  the concom ittan tly  
formed benzaldehyde to give benzylideneaminopyrazoles (140} and so i t  
was necessary to remove the benzaldehyde by d i s t i l l a t i o n  during the f i n a l  
stage o f the re a c t io n  sequence above.
R2R3N
W e ^ N \ l
(139)
•CN
NH.
PhCHD
HCL aq.
CN
Me' N=CH
(140)
The 5-methylaminopyrazole (43 ) was abnormal in  th a t  the CN absorption
-1  -1in  i t s  i . r .  spectrum was a doublet a t  2200 cm and 2210 cm . Most o f
-1the pyrazo les  gave a s in g le t  between 2210 and 2240 cm . At f i r s t ,  i t  
was thought th a t  c y c l is a t io n  had not occurred and the product was the  
in te rm e d ia te  (1 4 2 ) ,  which contained two n i t r i l e  groups:
NHWe
^  ,  /  
^ \ ^ C H = N . N . C = C
^  V  L \
CN
We CN
(141)
HC1 aq.
NHWe
h2n . n . c= c
We
(142)
^ C N
\ CN
WeNH
We
CN
' N xK ^ N H  
(43 )
WeNH .CN
W e ^  "N X K ^ N H .  
(43 )
PhCHO
HC1 aq.
WeNf .CN
We N\I=CH
(143)
NHWe
I /
H0N .N .C =C
2 L \
CN
CN
(142)
PhCHO
NHWe
^ C N
CH=N.N.C=C
1 \We CN
(141)
142 would be expected to re a c t  w ith  benzaldehyde to give back 141, but
in  f a c t ,  the benzylid ineam inopyrazo le , 143, was formed, whose i . r .  spectrum
-1showed a s in g le t ,  CN absorption a t  2220 cm . Uhen 143 was heated w ith  
d i l u t e  hydroch lo ric  acid  i t  gave back 43.
The p .m .r .  spectrum of 43 was t y p ic a l  o f those o f pyrazo les  in  the s e r ie s ,  
and so were i t s  reac tio n s  w ith  t r i f l u o r a c e t i c  acid  and acid  c h lo r id e s  
described in  the next chapter. I t  was concluded th a t  the a ty p ic a l  
absorption  in  the i . r .  spectrum was caused by the presence o f d i f f e r e n t  
conformers, or c r y s t a l l in e  forms in  the s o l id  compound. I t  was not 
so lu b le  in  s u i ta b le  so lvents  fo r  s o lu t io n  i . r .  spectroscopy.
\ I I I .  The P repara tion  of P y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e s  
In tro d u c t io n .0
h2n C0NH2 c f  no9h H2N  J — £------>
F le ^  ' l\!H,
(62 )
Fie
Y = - r  m
(144)
0s-
(145)
bihen the p y razo le ,  62, uas heated in  t r i f l u o r a c e t i c  a c id ,  i t  gave a 
3-am inopyrazolopyrim idinone ( l4 4 ) ,u h ic h  had in te r e s t in g  h e r b ic id a l  
p ro p e r t ie s .  The evidence th a t  i t  uas 144, ra th e r  than 145, i s  discussed  
in  Chapter V I I I .  The 1-methyl isomer uas prepared l a t e r  by a d i f f e r e n t  
ro u te  and found to have no h e r b ic id a l  a c t i v i t y .
L a te r ,  i t  uas found th a t  144 could be prepared from the p y ra z o le -  
c a r b o n i t r i l e ,  135, and t r i f l u o r a c e t i c  a c id ,  in s tead  of from the  p y ra z o le -  
carboxamide:
h2n CN
:f 3co2h
(135)
H2N^ -  
.N
Ple'/ '
(144)
CF.
A s e r ie s  o f pyrazolopyrim idinones uas prepared in  the hope o f f in d in g  
o th ar in te r e s t in g  h e rb ic id e s .
There are only tuo re ferences  in  the l i t e r a t u r e  to the p re p ara t io n  o f
. . 14
3 -am in o p yrazo lo -(3 ,4 -d _ )-p y r im id in -4 -o n es . Dornou and Dehmer prepared
th e  6-m ercapto- compound, 146, and the 5 -  u n su b s titu ted , 6 -m ethyl
and 6-phenyl compounds, 147. The 6-pnenyl compound uas a lso prepared
by Uamhoff^s
FleS CN
H  ■H„N CONH.
H N.NH ‘ CN H N
NH^NH  ^ \  /  CS2 2
h2n conh.2
NH
SH
(146)
OH
NC .
MeS R
nh2nh2 h2n
(147) R = Hi We or Ph.
h2n CO Me
NH,
Ph.c;
NH
\ OEt *
h2n NH
H
Ph
(147: R' = Ph)
Reaction o f 3 -am ino-5 -d ia lky lam in opvrazo les  w ith  C arboxylic  Acids 
and Orthoformate
h2n XONH
2 CF3C02H
(148)
x  j j  ^ n^ ^ nh2
(149)
R2R3N
(130)
CN
R ' N^ NH,
CF3C02H
9 3
R R ! \IH
i \ r  c f .
(150)
3 -A m in o -2 -p h e n y l-6 - tr i f lu o ro m e th y l7 “5Hi-p y ra z o lo - (3 ,4 -d [ ) -p y r im id in -4 -o n e  
(149) was prepared from the ap p ro p ria te  pyrazolecarboxamide (148) but 
oth er 6 -tr i f lu o ro m e th y l-p y ra z o lo p y r im id in o n e s  (150.) u/ere prepared from 
p y ra z o le c a rb o n i t r i le s  (1 3 0 ) .  The re a c t io n  went e a s i ly ,  and heat in g  a 
pyrazo le  in  t r i f l u o r a c e t i c  acid fo r  a few hours always gave a good y ie ld  
o f pyrazo lopyrim id inone .
The products were q u ite  a c id ic  and they d issolved i f  the re a c t io n  m ixture  
was poured in to  aqueous a l k a l i .  A c id i f ic a t io n  re p r e c ip i ta te d  them in  a 
pure form, provided th a t  they were washed thoroughly to remove in o rg a n ic  
s a l t s .  They mostly had very high m elt in g  po in ts  and very low s o l u b i l i ­
t i e s ,  except as t h e i r  s a l ts  in  w ater.
1 2Heating 3 , 5~diam ino-1-m ethylpyrazole-4-N-m ethylcarbcxam ide (61: R , R = Me) 
w ith  t r i f l u o r a c e t i c  acid  did not give a pyrazo lopyrim id inone . I t  gave a 
product which was unstable  in  a l k a l i  -  g iv in g  back the pyrazo le  -  and 
which may have been 151, though th is  was not proved. 3 , 5 -D iam in o -1 -  
methylpyrazolecarboxhydrazide (89) a lso  f a i l e d  to re a c t  w ith  t r i f l u o r a c e t i c  
ac id  to give a pyrazolopyrim idinone (see chapter I V ) .
n2«.
NH NH .HC1 + K. C(CN)2C0NHMe
CF CO H
h2n
I '
Me ''N'
•CONHMe
NHCOCF.
(151)
H
.uunnnti
" e 2S04
n2i\j uuiMni'ie
■ NH.
H„N }
Me "Hr 2
(61 : R1 ,R2 = Me)
X  _/Me
Me ^  " N \ l^ CF.
H2N Y
^CO.NHNH.
Me NH.
(89 )
NH
CF
(90 )
Carboxylic  acids  other than t r i f l u o r a c e t i c  acid  did not re a c t  even w ith  
primary 3 , 5 -d iam in o -1 -a lk y l-p y ra zo le -4 -c a rb o x a m id e s .  The use o f  
a n h yd rid e /ac id  m ixtures w ith  the 1-phenylpyrazolecarboxam ide, 148, gave 
low y ie ld s  (1 0 -15^ ) o f pyrazolopyrim idinones (152 , 153):
ONH.
(148)
sMe
(152)
(153)
+
(154)
In  the case o f p iv a l i c  a c id /p iv a l i c  anhydride, the m ixture  also acy la ted  
some o f the product to give 154. The ac id /an h yd rid e  m ixtures d id  not 
appear to give 3-aminopyrazolopyrim idinones w ith  3 , 5 -d iam in o -1 -m e th y l-  
pyrazole-4-carboxam ide (6 2 ) .
Mono-, d i - ,  and t r i -  c h lo ra c e t ic  acids  gave black t a r s ,  from which no 
i d e n t i f i a b l e  products were is o la te d .
148 reacted w ith  a m ixture  o f t r ie th y lo r th o fo rm a te  and a c e t ic  anhydride  
to g ive 155. This re ac t io n  was not . t r ie d  using other p yrazo lecarbox-  
amides.
h2n CONH,
4
■NHL
(148) (155)
Reaction o f Pyrazoles w ith  Acid C hlorides
H,.M
z.
Me
JCN
NH,
(135)
MeCO.Cl/Py
H^N CN
Me '  .CO.Me
(156)
MeCO.Cl/Py
MeCO.NH
' t
'CN
M e '  X 'H \K '^N H C 0.M e
(157)
MeCO.Cl/Py
yy
MeCO.Nf CN
Me N ^  *N(C0.Me),
(158)
I t  was possib le  to a c e ty la te  3 , 5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  
(135) step by step to give the th ree  products, 156, 157 and 158, by 
using a p p ro p ria te  amounts of a c e ty l  c h lo r id e  in  p y r id in e .
A.,
H2 V
CN
Ne/ ^ N ^ B2
(1 35a) (156a)
CN
Me
MeCONH^ ^  CN
Me^ N
(158a)
N(COMe),
■CN
(1 35b)
Me
(135c)
The p .m .r .  spectrum of 135 in  dim ethylsulphoxide showed absorptions due 
to exchangeable protons a t  6 5 .0  and 6 6 .2 5 ,  and the in t e g r a ls  o f each 
corresponded to two protons, in d ic a t in g  th a t  the compound was the  
diamino tautomer (1 3 5 a ) ,  ra th e r  than an imina tautomer, 135b or 135c. 
Only one of the amino groups in  135a would be conjugated w ith  the  CN 
group because the methyl group e f f e c t i v e ly  f ix e s  the lo c a t io n  o f the  
double bonds in  the r in g .  The protons o f th a t  amino group should show
a lower f i e l d  chemical s h i f t  than those o f the o th e r ,  so the  peak a t
A B6 6 .25  was assigned to H and th a t  a t  6 5 .0  to H .
A cy la t io n  would be expected to occur most e a s i ly  on, the amino group
which was not conjugated w ith  the CN group. The p .m .r .  spectrum of
156a confirmed t h is ,  s ince the absorption a t  6 5 .0  disappeared, to be
Xreplaced by an absorption due to one proton, H , a t  6 9 .9 .  The absorp-  
/\
t io n  due to  H s h i f te d  downfie ld  s l i g h t l y  to 5 6 .4 5 .
X V
The absorptions due to H and H in  157a overlapped each o th er to g ive  a
Ybroad absorption centred a t  6 1 0 .4 .  That due to H in  158a was a t  
6 1 0 .7 .  158a was assumed to be the 3-d iacylam ino compound, r a th e r  than
the 5-d iacy lam ino compound, by analogy w ith  156a.
Me^COCl  2 I
Py
(135) (159)
NHC0.CMe3
Me
(160)
CN
NHCO.CMeo
The re a c t io n  o f 135 w ith  p iv a lo y l  c h lo r id e  in  p y r id in e  s im i la r ly  gave 
mono- and d i - a c y l  d e r iv a t iv e s  (159, 160 ).  The re a c t io n  w ith  th re e  equi­
v a le n ts  o f p iv a lo y l  c h lo r id e  was not in v e s t ig a te d .
Ulhen the monopivaloyl d e r iv a t iv e  (159) was heated w ith  aqueous a l k a l i ,  
i t .  gave a pyrazo lopyrim id inone ( l 6 l ) . i n  good y ie ld .  The d ip iv a lo y l  
d e r iv a t iv e  (160) gave a roughly 50:50 m ixture  o f isom eric p y razo lo -  
pyrim idinones (161 . 162) ~ presumably the acy lpyrazo iopyrim id inones  
(163 , 164) were formed f i r s t ,  but th is  was not proved.
0
h2n CN
OH aq.
'NHCOCfle.
(159)
*
(161)
Cfle.
fle^C.CO.HN'
Me N nMH.CO.CMe
(160)
fle^C.CO.NH
N" ufle
(163)
Ne3C.C0.NH’
OH
Cfle,
(161)
CNe
fie
(162)
5 -A m in o -3 -a c e ty la m in o -1 -m eth y lp y razo le -4 --c a rb o n itr i le  (156) d id not g ive  
a pyrazo lopyrim id inone when i t  was heated w ith  a l k a l i ,  but gave the  
pyrazolecarboxamide, 62:
h2n< XN
OH aq.
fie N NHCO.fle
h2n . XONH,
Me' N ^NH,
( 6 2 )
u i th  a l k a l i  -  h yd ro lys is  o f the n i t r i l e  group and h yd ro lys is  o f the
amide -  and th a t  s t e r ic  fa c to rs  determine uhich re ac t io n  i s  the more
4ra p id .  In  g enera l,  the in f lu e n c e  o f group R in  the py razo les , 165,
4supported th is  exp lan atio n : uhen R uas t - b u t y l ,  good y ie ld s  o f pyrazolo-
/ \ 4pyrim idinones (166) uere obtained; y ie ld s  uere lo u e r  uhen R uas
i - p r o p y l ,  lo u er s t i l l  uhen i t  uas phenyl or 2 - f u r o y l ,  very lou  uhen i t
uas e th y l ,  and n i l  when i t  uas m ethyl.
^ C N
OH
HCO.R
R2R3[\N C0NHoX l .
Me i\K NHCO.R
(165)
2
R R
R
(166)
OH
R2R3HN______ R2R3N
OH
1 / V  •
CONH.
I t  i s  common to use a lk a l in e  hydrogen peroxide to hydrolyse n i t r i l e s .
This proved u s e fu l fo r  the a cy la m in o p y ra zo le c a rb o n itr i le s  (165) in  only
1 2 3one case -  the h y d ro lys is  and c y c l is a t io n  o f 165 (R = Me; R R = -(CH^)^--;
4 vR = CMe^) uhich uas slou to re a c t  u i th  a l k a l i  a lone, probably because 
of i t s  lou  s o l u b i l i t y .
3 , 5 -D ia m in o p y ra z o le -4 -c a rb o n it r i le  (44 ) reacted  u i th  one e q u iv a le n t  o f  
p iv a lo y l  c h lo r id e  to give a m ixture  of 1 -a c y l  and 3-acylamino d e r iv a t iv e s ,
167 and 168, in  uhich 167 predominated. With tuo eq u iva len ts  o f p iv a lo y l  
c h lo r id e ,  the b is -a c y l  d e r iv a t iv e ,  169, uas formed. I t  reacted  u i th  
aqueous a l k a l i  to give a moderate y ie ld  of 3 - a m in o - 6 - ( l , 1 -d im e th y le th y l) - *  (5H_)- 
p y ra zo lo - (3 ,4 -^ d )-p y r im id in -4 -o n e  (1 7 0 ) .
H, CN
H 'NH NH
(44) (1S7)
2l*le CC0.C1 
P y rid in e
H'
CN
OH aq
( 1 6 9 )
h2n
H " i\l
CN
"NHCO.CMe,
(160)
:Me,
( 1 7 0 )
v
Reactions of a m in o -(m e th y lm e rc ap to )-p y ra zo le c arb o n itr i le s  w ith  
T r i f lu o r a c e t ic  Acid and P iv a lo y l  C h loride
Reactions s im i la r  to those used fo r  3 -a m in o -5 -a lk y la m in o -p y ra zo le -  
c a r b o n i t r i le s  gave 3-methylmercaptopyrazolopyrim idinones:
MeS •CN
‘NH,
H
(113a)
MeS
Me*
CN
( 122)
c f3co2h
CF
(171)
CF CO H
CF
(172)
OH aq.
(173)
MeS
^ f \ K
I
Me
.CN
NH,
CF3C° 2 H NH
CF
(174)
P y ra z o lo p y r im id in e d ith io ls
47T a y lo r ,  McKillof} and Uarrener described the re a c t io n  o f 3-amino-  
p ro p e n o n it r i le s  u i th  carbon d isu lp h id e  in  p y r id in e  to give p y r im id in e -  
d i t h i o l s .  T h e ir  method uas used to br ing  about s im i la r  re a c t io n s  u i th  
3 , 5-d iam ino-1-m ethy l- ,  and 1 -p h e n y l - ,p y r a z o le c a r b o n it r i le s :
NH ^
h2n CN
NH.
CS2/Py
(130: R1 = Me or Ph; (175)
R2 ,R3 = H)
N ^ ^ S H  
(176: R1 = Me or Ph)
The spontaneous rearrangement o f irnines l i k e  175 to the re la te d  t h i o l s ,
176, i s  w e l l  knoun, and was assumed to have occurred in  these re a c t io n s .
T a y lo r ,  McKillop, and liiarrener only is o la te d  an in te rm ed ia te  th ia z in e
(177) in  one o f t h e i r  experiments -  the re a c t io n  of 3-am inopyrazole-
4 - c a r b o n i t r i l e  w ith  carbon d isu lp h id e  in  p y r id in e .  They reported  th a t  i t
-1showed a strong imine l\!H absorption in  i t s  i . r .  spectrum a t  3510 cm ,
fobut t h is  assignment seems doub tfu l . They found th a t  trea tm ent o f 177 
u i th  aqueous a l k a l i  caused rearrangement the p y r im id in e d i th io l ,  178.
As the  3 -a m in o p yra zo lo p y r im id in ed ith io ls  (176) were p u r i f ie d  by s o lu t io n  
in  a l k a l i ,  i t  would have been s u rp r is in g  i f  the rearrangement had not 
taken p lace .
NH SH
H
(177) (178)
P ro p e r t ie s  and Reactions of the 3-aminopyrazolopyrim idinones  
The 3-aminopyrazolopyrim idinones are weak ac id s . The strongest found 
among them were the 6 - t r i f lu o r o m e th y l  d e r iv a t iv e s .  The 1 - a lk y l  d e r iv a t iv e s  
were s l ig h t ly  more a c id ic  than the 2 - a lk y l  d e r iv a t iv e s  -  a p o in t  mentioned 
in  the next chapter. The 2 - a lk y l  d e r iv a t iv e s  u i th  no t r i f lu o r o m e th y l  
group and w ith  a lkylam ino groups in  the 3 - p o s it io n  were so weakly a c id ic  
th a t  they p re c ip i ta te d  from the aqueous, a lk a l in e  re a c t io n  m ixtures  as 
they formed. Those w ith  unsubstitu ted  amino groups in  the 3 -  p o s it io n  
were q u ite  so lub le  in  aqueous a l k a l i  but t h e i r  pK^s were high -  theyd
were not so lub le  in  aqueous potassium carbonate.
Apart from the 6 - t r i f lu o r o m e th y l  compounds the 3-am inopyrazolopyrim idinones  
were a lso found to be weak bases uhich formed hydroch lorides  w ith
2-3 |1-hydroch loric  ac id .
They were s ta b le  in  both acid  and a l k a l i .  For example, b o i l in g  161 in  
aqueous sodium hydroxide or d i lu t e  h yd ro ch lo r ic  acid fo r  sev era l hours 
had no e f f e c t  upon i t ,  even though i t  was so lub le  in  both.
Two 3-acylam inopyrazolopyrim id inones, 154 and 155, have been mentioned. 
The re ac t io n s  of 161 w ith  a c e ty l  c h lo r id e  and w ith  methanesulphonyl 
c h lo r id e  a lso gave 3 -s u b s t i tu te d  amino- compounds, 179 and 180, but 
y ie ld s  were low:
0 0
MeCO.NHv
CHe„ He ^
h2n
NH HeCO. C l /P y r id in e H
He He.
(161)
H e S O ^ l/E t^ N /te tra h y d ro fu ra n  (H e S O ^ )^
(179)
uX
He*
(180)
CHe.
161 and benzaldehyde reacted q u ite  r e a d i ly  when heated to g e th er:  
0
CHe. *crCHO CHe,
3 -A m in o -2 - (2 -h y d r o x y e th y l ) -6 - ( l , 1 -d im e t h y le t h y l ) - p y r a z o lo - ( 3 ,4 - d ) -  
p y r im id in -4 -o n e  (182) appeared to be a s u i ta b le  s ta r t in g  m a te r ia l  fo r  
the  p rep ara tio n  o f a t r i c y c l i c  compound, 183. Attempts to bring  about 
the  conversion by heating  182 in  xy lene , alone or in  the presence o f  
p-to luenesu lphonic  a c id ,  f a i l e d  -  182 was recovered.
heat
HGCH„CH,
(182)
He3
(183)
Replacement o f the -OH group in  182 w ith  a b e t te r  lea v in g  group, such as 
-OSOgH, should improve the chances o f b r ing ing  about c y c l is a t io n .  I t  
was thought th a t  heating 182 in  concentrated su lp h u ric  acid  might lead  
d i r e c t l y  to 183. In  f a c t ,  the in te rm e d ia te ,  184, was is o la te d :
H2N
H cone. HoS0*. _______  2 4
HDCH CH N k  ' ' ' 'N ^ ^ -O T e .A £-
130-35
H03S0CH2CH2
NH
sN ^ ' N \ I ^ s' CMe,
(182) (184)
Heating 184 in  aqueous a l k a l i  did not give the t r i c y c l i c  product, 183. 
There uas much decomposition and the ac tua l products uere not i d e n t i f i e d .
v  j l x x  t  i i i t ;  > j  o x .  u  l ;  i u  j l  a  u i  u i i t j  i -  y  r c i ^ u x u i J  y  r x i i i i D i n p r i B  S
Me CC0.C1 H2N
Py
(135)
‘NH
Me CF
or
(144)
> 2  >*  N
.CN
or
M e ^ ^ N ^ N H C O .C M e 3
(159a)
OH aq
H2 ‘NH
CF3
(145) (161)
^ n - ^ ' nhcq. cub,
I
Me
(159b)
or
H2
Me
(152)
Because a c y la t io n  and c y c l is a t io n  could in v o lv e  e i t h e r  amino group, 
pyrazo lopyrim id inones derived from 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n it r i le s  
could be 1 -a li<y l or 2 - a lk y l  d e r iv a t iv e s .  The products of re a c t io n s  o f  
3 , 5 -d ia m in o -1 -m e th y Ip y ra z o le -4 -c a rb o n it r i le  w ith  t r i f l u o r a c e t i c  a c id ,  and 
w ith  p iv a lo y l  c h lo r id e  fo llow ed by a l k a l i ,  were chosen fo r  s tu d ies  to  
see uhich isomer uas formed.
In  n e i th e r  case uas a m ixture  of products obta ined . I t  seemed probable  
th a t  the 3-amino group o f the in te rm e d ia te ,  135, uas more n u c le o p h i l ic  
than the 5-amino group so th a t  the products uould be 144 and 161: the  
lone e le c tro n  p a ir  o f the 5-amino group uould be p a r t i a l l y  occupied in  
conjugation u i th  the n i t r i l e  group. Hence i t  uas expected th a t  a c y la t io n  
and c y c l is a t io n  uould occur on the 3-amino group. The evidence fo r  a c y la t io n  
on the 3-amino group i s  discussed in  -Chapter V I I .
6 - t - B u t y l  Compounds
The re a c t io n  o f 3 , 5 -b is - (2 ,2 -d im e th y lp ro p a n o y la m in o )-1 -m e th y lp y ra z o le -  
4 - c a r b o n i t r i l e  (160) u i th  aqueous a l k a l i  gave a m ixture  o f  1~, and 2 - ,  
m ethylpyrazolopyrim idinones (161a, 162a):.
BHCN 2OH aq.
A
H3
( 1 6 0 ) ( 1 6 1 a )
B,N2
CH
( 1 6 2 a )
, , ,D uj. 1  i tu m iL ia i  s o iu D i l i t i e s  o f the isomers in  e th y l  a c e ta te ,  and of 
t h e i r  hydroch lorides  in  w ater, allowed pure samples o f each to be is o ­
l a t e d ,  One of them, 161a, was id e n t ic a l  w ith  the product o f hyd ro lys is  
and c y c l is a t io n  o f the monoacylpyrazole (1 5 9a ) .
The p .m .r .  spectra  o f the isomers in  dim ethylsulphoxide were co n s is ten t
w ith  the  s tru c tu re s  assigned to them. A lower f i e l d  chemical s h i f t  would 
Bbe expected fo r  H in  161a than in  162a, s ince conjugation o f the amino
group o f 161a w ith  the CO group would desh ie ld  i t s  protons: the  absorption
B Bdue to H in  161a was a t  6 6 .2 8 ;  th a t  o f  H in  162a was a t  6 5 .2 5 .  The
Cd esh ie ld ing  e f f e c t  on H o f conjugation w ith  the carbonyl group in  161a
would be expected to be less  than th a t  in  162a: in '1 6 1 a ,  resonance w ith
the  carbonyl group i s  shared between the amide, the amino and the
m ethylated , r in g  n itrogens; in  162a i t  i s  shared only between the amide
Cand the  m ethy la te4  r in g  n itro g en s . The observed absorption due to H in
C161a was a t  6 10.6  and th a t  o f H in  162a was a t  6 1 1 .0 .  A s im i la r ,
small e f f e c t  might be expected to be tran sm itte d  in d u c t iv e ly  to  the
Amethyl group, so th a t  H in  161a would resonate a t  s l ig h t ly  h igher f i e l d
Athan in  162a: in  f a c t ,  the s ig n a l from H in  161a was a t  6 3 .58  and from 
HA in  162a a t  6 3 .6 2 .
0
(1 8 5 )
The p o s it io n s  of the l\IH absorptions in  the p .m .r .  spectra  o f  a l l  the  
pyrazolopyrim idinones (185) prepared from 1 - a lk y l ,  or 1 - a r y l ,  3 ,5 -d ia m in o -  
p y r a z o le -4 -c a r b o n i t r i le s  and acid  ch lorides ' confirmed th a t  they were 
a lso the 2 - a lk y l  isomers.
I t  has been mentioned th a t  2 - a lk y l  isomers were h e r b ic id a l ,  whereas
1 - a lk y l  isomers were no t. I t  i s  in te r e s t in g  th a t  the H- compound, 170a,
which was not h e r b ic id a l ,  a lso appeared to e x is t  as the 1-H tautomer:
B CH and H resonated a t  6 5 .25  and 6 1 1 .2 5 ,  r e s p e c t iv e ly .
B(N2 NH
3
( 1 7 0 a )
The 1-m ethyl isomer, 162, was more a c id ic  than the 2-m ethyl isomer,
161 -  t h e i r  pK s were 10.5  and 1 2 . 3 , . r e s p e c t iv e ly .  This was presumablyQ
because a negative  charge could be more e f f e c t i v e ly  accommodated by
162 through resonance d is t r ib u t io n  than by 161:
0 0 0“
H2N
fie
NH OH
Cfle.
(161)
H2N
Me* 1 *N '^ T f l e .
A
H2N
h2h
fie w  CHg,
h2n
A A A  *  *■fie  l\l N Cfle fieJ
Cfle.
h2n
fie l\K \c f l
fie
(162)
H2N'
-  N
1\i T\l Cfle
fie
fie  /N
»2k
Cl*le.
AJ—» *UUN Cfle Cfle.
Conclusive proof o f the complete s tru c tu re  o f 3 - a m in o - 6 - ( l , 1 -d im ethy 'l-
e th y l) -2 -m e th y l-5 H ~ p y ra z o lo - (3 ,4 -d [ ) -p y r im id in -4 -o n e  (161) was given by
56X -ray  c rys ta l lo g rap h y  :
Cfle
(161)
Bond lengths and angles are l i s t e d  a t  the end o f Chapter IX .
6 -T r i f lu o ro m e th y l  Compounds 
CN
c f3cd2h
(135)
3
(144)
.N ' H r SCF
H °A
hno3/ h2 so4
He
(186) (187) (145)
S -A m in o - l -m e th y l -e - t r i f lu o ro m e th y l -S J H -p y ra z o lo -^ ^ -d J -p y r im id in ^ -o n e
(145) was prepared by n i t r a t io n  o f l -m e th y l-S - t r i f lu o ro m e th y l-S H ^
58p y ra z o lo - (3 ,4 -_ d )-p y r im id in -4 -o n e  (186) and reduction  o f the product
(1 8 7 ) .  I t  was very s im i la r  to the compound (144) prepared from 3 , 5 -d iam in o -
1 -m e th y lp y ra z o le -c a rb o n i t r i le  (135) and t r i f l u o r e c e t i c  a c id ,  but th e re  
were enough d i f fe re n c e s  in  the i . r .  spectra  o f the two to confirm th a t  
they had d i f f e r e n t  s tru c tu re s .  Other spectroscopic comparisons were not 
e a s i ly  possib le  because o f the low s o l u b i l i t i e s  o f the compounds.
The most convincing evidence th a t  the compounds were d is s im i la r  came 
from t h e i r  h e r b ic id a l  a c t i v i t i e s .  While 144 was very a c t iv e ,  145 showed 
h ard ly  any a c t i v i t y .
However, th e re  was s t i l l  a d i f f i c u l t y  in  accepting th a t  144 was the
2-m ethyl isomer. Other 3-am ino-2-m ethylpyrazo lopyrim id inones showed 
vary ing  degrees of h e rb ic id a l  a c t i v i t y  and a good c o r re la t io n  had been 
found between th a t  a c t i v i t y  and e f fe c t iv e n e s s  as an in h i b i t o r  o f  the  
H i l l  re a c t io n .  144 appeared to be an exception to the r u le  -  i t  was a 
good h e rb ic id e  but a poor in h i b i t o r  in  the H i l l  t e s t .
The H i l l  t e s t  i s  normally c a r r ie d  out in  water a t  pH 7 .4 .  Most o f  the  
a c t iv e  pyrazolopyrim idinones were 6 - t - b u t y l ,  or 6 -p ro p y l ,  d e r iv a t iv e s .
As t h e i r  pK values were about 12, or more, they would be present almost9
e x c lu s iv e ly  in  t h e i r  non -io n ic  form a t  pH 7 .4 .  The presence o f the
6 - t r i f lu o r o m e th y l  group in  144 made i t  more a c id ic  than o ther compounds 
in  the se r ie s  and i t s  pK was 6 .8  in  w ater. At pH 7 .4 ,  a s ig n i f i c a n t3
proportion  o f i t  would be present as the anion.
Suppose th a t  absorption of the a c t iv e  compound in to  the c h lo ro p la s ts  
used fo r  the t e s t  depended upon i t s  p a r t i t i o n  r a t io  between l i p i d s  and
the aqueous suspension medium: the n o n -io n ic  form would be absorbed in  
p reference  to the io n ic  form. Suppose also th a t  the amount o f compound 
in s id e  the c h lo ro p la s ts  a t  e q u i l ib r iu m  was sm all,  r e la t i v e  to th a t  
remaining in  the aqueous medium: the small amount absorbed would have 
l i t t l e  e f f e c t  on the d is s o c ia t io n  e q u i l ib r iu m . Thus the concentra tion  
o f  a c t iv e  compound in s id e  the c h lo ro p la s ts  would depend on the concentra tion  
of no n -io n ic  compound in  the aqueous medium, ra th e r  than on the t o t a l  
concentra tion  o f both non -io n ic  and io n ic  forms. '
This hypothesis was tes ted  by determ ining the H i l l  re a c t io n  in h i b i t i o n  
produced by 144 a t  pH 6 and comparing i t  w ith  a c a lc u la ted  value:
Ka
[H + ] - [ X ~ ]
[ H X ]
( 1 )
where HX and X are the non -io n ic  and io n ic  forms o f the
compound.
I f  the t o t a l  concentra tion  o f a c t iv e  compound i s  C:
C =  [ H X ]  +  [X “ ]  
[ x ~ ]  =  C -  [H X ]
S u b s t i tu t in g  ih  equation ( l )
[H+ ] (C -  [HX])
a
[HX]
(2 )
Most compounds in  the s e r ie s  are weak acids: i s  small compared w ith
[ h ]> so [ h x ]^ ?  C and no v a r ia t io n  o f a c t i v i t y  w ith  pH i s  d e te c ta b le .  
In  the case of 144, i t s  pK^ i s  c lose to the pH o f the medium used fo r  
the t e s t :
pK = 6 .8a
. V  K =  1 . 5 8 5  X 1 C f 7a
a t  pH 7 .4 :  [H+ ] = 3.981 x 10~8
a t  pH 6: [H+ ] = 1 x 10 8
I f  [HX] a t  pH 6 and pH 7 .4  are represented by [HXj^ and [HX]^  ^ res ­
p e c t iv e ly ,  then using equation (2 )  g ives:
[HX] ■ 1 x 10"6 (1 .5 8 5  x 10” 7 + 3.981 x 10“ B)
■ ■ ■ .......... .......... ^ I I I I ■■■—■■!■ , ...  ........
[HX]? 4 (1 x 10“ 6 + 1 .585 x 10"7 ) 3.981 x 10“ 8
£2 43
Hence the a c t i v i t y  o f 144 a t  pH 6 should be 43 times th a t  a t  pH 7 .4 .
The a c t i v i t y  o f compounds i s  u s u a lly  quoted as an 1,-^. That i s  the
bU
concentra tion  of the compound which produces 50% in h ib i t io n  of .the H i l l  
re a c t io n .  For p r a c t ic a l  reasons, the a c t i v i t i e s  o f weak in h ib i t o r s  
are measured and quoted d i f f e r e n t l y ,  as the percentage in h ib i t io n  pro­
duced by a 100 pM concentra tion  o f the compound.
The measured a c t i v i t y  o f  144 a t  pH 7 .4  was 30% a t  100 pM:
T 50 x 100
I 5Q = ---------------- ^
30
(«*167 pfl)
From the f ig u re  derived above i t  can be p red ic ted  th a t  a t  pH 6,
i  = 50 x 100 un
50 --------------- p
30 x 43
g* 3.9  m
The measured value of I  a t  pH 6 was 6 .9  uM.
Taking in to  account the l i m i t s  of experim ental accuracy, and the tendency
fo r  some d e v ia t io n  from l i n e a r i t y  in  the r e la t io n s h ip  between a c t i v i t y
and concentra tion  over wide ranges o f c o n cen tra t io n , these f ig u re s  are
in  good agreement. In  a d d i t io n ,  the observed wide v a r ia t io n  o f 1^^ w ith
pH may exp la in  the discrepancy between the low value of I  determined5U
a t  the usual pH, 7 .4 ,  and the high h e r b ic id a l  a c t i v i t y  o f 144.
I t  was concluded th a t  144 was the 2-m ethyl isomer p red ic ted  on chemical 
grounds, by analogy w ith  pyrazolopyrim idinones prepared from 3 ,5 -d ia m in o -  
1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  and acid c h lo r id e s ,  and from comparison 
w ith  145. The reactions of o ther 1 -a lk y ld ia m in o p y ra z o le c a rb o n it r i Ie s  w ith  
t r i f l u o r a c e t i c  acid  were assumed a lso to g ive  2 -a lk y lp y ra z o lc p y r im id in o n e a .
IX .  Results  of Spectroscopy*
S a lts  Related to Tricyanomethanides •
49Trofimenko, L i t t l e ,  and Mower reported  th a t  the CN groups of t r ic y a n o -
methanides absorbed s tro n g ly  in  the i . r .  a t  2180 cm , and a lso pointed
-1out a c h a r a c te r is t ic  doublet a t  1238 and 1245 cm . S u b s titu ted  ammonium
+ —'j
tricyanom ethanides gave N-H absorptions in  the range 2500-3500 cm ,
- 1w ith  absorptions always present below 3000 cm . These fe a tu re s  in  t h e i r  
spectra  were u s e fu l in  d is t in g u is h in g  the s a l ts  from derived diamino-  
m eth y lenem alonon itr i les .
The i . r .  spectrum of the potassium s a l t  o f dicyanoacetamide was a lso  
described by Trofimenko, L i t t l e , a n d  Mower. They did not sp ec ify  the  
cond itions  under which the spectrum was determined, and some d if fe re n c e s
were noted fo r  the s o l id  s a l t  in  a KC1 d is c .  A peak which they reported
-1  -1a t  3550 cm was absent, and replaced by one a t  3480 cm , They reported
fo u r  peaks between 1400 and 1700 cm , but only th ree  were observed in
- 1  ' - 1  - 1the KC1 d isc spectrum, a t  1440 cm , 1590 cm and 1655 cm . The doublet
-1Cl\l absorption a t  2190 and 2220 cm was u s e fu l in  d is t in g u is h in g  s a l ts  
of dicyanoacetamide from derived  3 , 3-diamino-2-cyanoprcpenamides, which 
gave a s in g le t .
The i . r .  spectrum o f N-phenyldicyanoacetamide was reported  by Stamm and
45 -1FU hrling  . There were two CN peaks a t  2200 and 2230 cm . The CN
absorptions o f the t r ie th y la m in e  s a l t  o f N-phenyldicyanoacetamide were
s h i f te d  to 2175 and 2200 cm , p rov id ing  evidence to support the
assumption th a t  the CN groups in  s a l ts  o f t h is  k ind c o n tr ib u te  to  the
s t a b i l i s a t io n  o f the negative  charge by d e lo c a l is a t io n :  resonance forms
in v o lv in g  =C=N w i l l  weaken the CN bond compared w ith  C=N and lead  to a
s h i f t  to lower frequency o f i t s  i . r .  absorption .
S a lts  o f N-methyldicyanoacetamide gave a sharp, strong CN peak a t
-1  -12200 cm , together w ith  a s l ig h t ly  weaker; broader one a t  2165 cm
*Notes: 1) I . r .  spectra  were run on s o l id  samples in  KC1 discs and
p .m .r .  spectra  on so lu tio n s  in  dmso-d^, unless otherw ise  
s ta te d .
2) S truc tu res  in  t h is  chapter are numbered consecutive ly  fo r  
convenience, even i f  they appear in  o th er  chapters w ith  
d i f f e r e n t  numbers.
The potassium s a l t  o f e th y l d icyanoacetate gave sharp, strong CN •
-1absorptions a t  2185 and 2215 cm , and there  were a d d i t io n a l ,  sharp,
-1weak peaks a t  2100 and 2240 cm . The anion probably did not e x is t
e xc lu s iv e ly  in  the enol form (1 d,), as there  were no absorptions between 
- 11500 and 1600 cm , where the C=C bond might be expected to absorb.
Even so, the e n o lic  mesomer ( id )  must co n tr ib u te  s ig n i f ic a n t ly  to the
ground s ta te  o f the molecule since the carbonyl absorption was a t
-1unusually low frequency fo r  an e s te r  -  1640 cm . .
\ C. N C^ NC\^ NC\^ y u
C — CO Et <=-----> C — C0„Et <— > ~C —C0oEt <— ^ C=C
2 2 « /  2 « /  N oe .
✓
(1a ) ( lb )  (1 c) (1 d)
\
The en o lic  form may make a much la rg e r  co n tr ib u t io n  in  the case of the
re la te d  potassium s a l t  o f e th y l  d ic y a n o th io la c e ta te :  there  were no
-1absorptions in  i t s  spectrum between 1600 and 1750 cm but th ere  was a
-1strong, broad peak a t  1570 cm . The CN absorptions of th is  s a l t  were 
a t 2165 and 2205 cm ^.
The sodium s a l t  of n i t ro s o m a lo n o n it r i le  gave a strong CN absorption ,
which was s p l i t  in to  a f in e  doub le t, a t  2230 cm . . There was an absorption
-1o f medium in te n s i t y  a t  1670 cm and strong absorptions a t  1330, 1270 
-1and 1235 cm
Diam inomethylenemalononitriles
NH2 ^ C N  ljJMe2 /^CI\l NHMr .CN NH2 .CN
ArNH.C=C PhNH.C=C PhNH.C=d; PhN.d=C,
\  \  \  I \CN CN nCN . ne CN
(2 ) (3 )  (4 )  (5 )
5Baldwin discussed the evidence th a t  e n a m in o n itr i le s  g en era l ly  e x is t  in
the enamino-, ra th e r  than the im in o -,  form. He pointed out th a t  they
showed doublet absorptions in  the i . r .  which could be assigned to NH2
groups, and considered the frequency a t which t h e i r  CN groups absorbed
29p a r t ic u la r ly  s ig n i f ic a n t .  Kitson and G r i f f i t h s  had reported th a t
- . ' I
non-conjugated Cl\l absorbed a t  2250 ^ 10 cm , w h ile  CN conjugated to a
- 1double bond, or an aromatic r in g ,  ab’sorbed a t  2225 ± 7 cm . The CN
groups o f the e n a m in o n itr i le s  which Baldwin considered, absorbed a t
-1frequencies  17-38 cm lower than the lowest reported  by K itson and 
G r i f f i t h s .  He suggested th a t  th is  s h i f t  in  frequency in d ic a te d  the  
c o n tr ib u t io n  o f resonance forms 6b and 6c to the ground s ta te s  o f  
e n a m in o n itr i le  molecules. Such forms cannot e x is t  in  the imino  
tautomers ( 7 ) .
+ +
H_N— C— C— C =  N *  >H N - C  -C -= C — N” «-------> H „N -C  — C=C — N~2 | } 2 | | 2 | j
(6 a ) (6b) (6c )
+ —
HnN = C - C - C = N
2 I I 
(6d)
In te r p r e t a t io n  of the spectra  o f  the d iam inom ethylenem alononitr iles  in
—'j
the region from 3000-3500 cm did not provide  very r e l i a b l e  evidence about 
NH and NH  ^ groups, because the spectra  were determined fo r  s o l id s :  
the compounds were not so lub le  in  so lvents  s u i ta b le  fo r  i . r .  spectroscopy. 
However, the spectra  obtained were as expected fo r  enediamines l i k e  2 -5 .
3 and 4 gave one peak in  the  reg ion a t  3320 cm . In  the case o f 3, the  
peak could only be due to NH and so i t s  presence ru led  out the imino  
form fo r  th is  compound, in  which th e re  would be no NH. 5 gave two
-1
peaks, co n s is ten t w ith  the presence o f an NH2 group, a t  3250 and 3400 cm
A l l  the o ther d iam inom ethylenem alononitr iles  (2 )  gave two peaks which
-1
could be assigned to NH -  the upper one o ften  as high as 3470 cm . In
-1a d d i t io n ,  a t h i r d  peak was o ften  present between 3250 and 3350 cm , 
which may have been absorption by. the PhNH.in some cases, and evidence o f  
H- bonding in  o thers .
The CN absorptions o f the d iam inom ethylenem alononitr iles  were p a r t i ­
c u la r ly  in t e r e s t in g .  The compounds gave double ts , w ith  a spacing o f  
20-30 cm \  a t  2180-2200 cm  ^ and 2200-2225 cm \  The lower frequency  
absorption provides strong evidence, according to  Baldw in 's  argument, 
th a t  the  compounds e x is t  in  the enamino form.
?
HN— C—  (j— CSErN
(7)
Form ally , only one CM group a t  a time can be invo lved in  resonances such 
as those represented in  6b and 6c, sp i t  i s  not s u rp r is in g  th a t  a second 
absorption i s  seen, a t  h igher frequency, from the other CM group. This  
absorption i s  a lso a t  a lower frequency than would be expected fo r  a 
non-conjugated CM, but th is  i s  because the second CM i s  always conjugated  
i r r e s p e c t iv e  o f the mesomerism:
absorptions in  the region 1546-1572. These are not very r e l i a b l e  absorp­
t io n s  to  use in  the study o f an in d iv id u a l  compound in  the s e r ie s ,  
because o f possib le  confusion w ith  absorptions by the arom atic  r in g ,
peaks due to exchangeable protons, w ith  in te g r a ls  corresponding to  MU 
and Mf-^. The s in g le  proton resonated a t  about 6 .9 .4 ,  but the MH  ^ peak 
was u s u a lly  d i f f i c u l t  to id e n t i f y  because i t  appeared in  the same reg ion
(8a) (8b) (8c)
:N
A l le n s te in  id e n t i f i e d  MH deformation absorptions fo r  s evera l diamino'
—1m ethy lenem alonon itr i les  (2 and 5) in  the region 1636-60 cm , and C=C
but a l l  the compounds have shown absorptions a t  1635-70 cm and 1560-80  
cm , even i f  they d id  not contain an arom atic  r in g  (e .g .  1 0 ) .
(9 ) (10)
The p .m .r .  spectra  of the  d iam inom ethy lenem alonon itr i les ,2 , showed two
as those due to  aromatic r in g  protons. One compound fo r  which both 
peaks could be seen c le a r ly  was the 4 -c h lo ro a n i l in e  d e r iv a t iv e ,  9.
The NH resonated a t  6 9 .4 3 ,  and the NH  ^ a t  6 7 .5 .  There was one peak 
due to two exchangeable protons in  the p .m .r . ,  spectrum of 10, a t  
6 7 .5 .  Thus the p .m .r .  spectra  confirmed th a t  the diaminomethylene­
m a lo n o n it r i le s  ex is ted  as enediamines, and not as amidines.
3 . 3-Diamino-2-cyanopropenamides
NH2 y C N
m . c — c
^CONH.2
Cl
(11a: R = H, Me, Et or Ph) (12 )
The i . r .  spectra  of the propenamides, 11a, provided l i t t l e  evidence to  
confirm th a t  they e x is ted  as enediamine tautomers, because absorptions  
in  a l l  the reg ions o f in t e r e s t  were complicated by amide absorp tions.
T h e ir  p .m .r . ,  spectra  were hard ly  more h e lp fu l  s ince the NH  ^ and amide 
protons resonated a t  about the same frequencies .
The i . r .  spectra  o f the s o l id s  were fu r th e r  complicated in  some cases 
by the ex is tence  of more than one c r y s t a l l in e  form, but the compounds 
were in s o lu b le  in  the so lvents  most s u i ta b le  fo r  i . r .  spectroscopy.
For example, the i . r .  spectrum of the d ich lorophenyl d e r iv a t iv e ,  12, 
r e c r y s t a l l is e d  from 2-methoxyethanol, showed peaks in  the regions o f in t e r e s t  
a t  3510, 3400, 3250, 2200, 1550, 1580 and 1550 cm \  A sample r e p r e c i ­
p i ta te d  from 2-methoxyethanol by the a d d it io n  of water gave peaks a t
-13450, 3340, 3250, 2195 and 1550 cm , and a broad, strong peak from 
-11540 to 1600 cm . Both samples a lso had broad absorptions from 2900-3250  
-1cm . The spectra  of the two samples in  dim ethylsulphoxide were i d e n t i c a l  
but not very in fo rm a t iv e  because of' so lvent absorptions.
The CN groups o f a l l  the propenamides gave sharp s in g le ts  in  t h e i r  . 
i . r .  spectra, a t  2180-2190 cm , except the CN o f one c r y s t a l l i n e  form 
o f the d ich lorophenyl d e r iv a t iv e  mentioned above, which absorbed a t
- I  <■$■' •
2200 cm . - Even th is  evidence of an e n a m in o n itr i le  s tru c tu re  leaves  
room fo r  ambiguity -  the compounds could be in  the tautom eric  form 11b 
and resonance between the CN and the lone p a i r  o f a n itro g en  atom would 
s t i l l  be possib le :
A
CN
ArNH. C==C
\ C0NHR Cl
The presence of broad absorptions between 2900 and 3250 cm in  the  
spectra  of many of the propenamides in d ic a te s  hydrogen bonding, which 
could be in tra m o le c u la r ,  as in  11c fo r  example:
IMHR NH0 XN
I  I
H„ N 
2 I 
Ar
CONHR
(11c) (13a: R = H
13b: R = Me)
Three peaks would be expected in  the p .m .r .  spectra  o f the propenamides 
in  forms 11a or 11c, fo r  protons attached to n itro g e n .  In  the case o f  
the 3 -n it ro p h e n y l  der iva tives . the NH absorptions were c le a r  of the
g
absorptions due to aromatic protons but the NH  ^ protons resonated a t  the
same frequency as the amide protons: a s in g le  proton resonance a t  6 9 .3
Ain  13a, and 6 9 .2  in  13b, was assigned to the Ar NH proton; the
in t e g r a l  o f a peak a t  6 6 .5  in  the spectrum of 13a corresponded to  fo u r
protons and was assigned to the enamino and amide NH  ^ groups; the
in t e g r a l  o f a peak a t  6 6 .9  in  the spectrum o f  13b corresponded to  th re e
Bprotons and was assigned to  the NH  ^ and amide NH groups.
The enediamine s tru c tu re s  were assigned to the propenamides (11a) in  
s p ite  of the inadequacy of the evidence described above, because i t  seemed 
the most l i k e l y  one by analogy w ith  the r e la te d  dicyano compounds (2 )  
and th e re  was, a t  le a s t ,  no c o n tra d ic to ry  evidence.
3 , 3 - D i a m i n o - 2 - c y a n o p r o p e n o a t e s  an d  p r o p e n o t h i o l a t e s
NH0 XN  
1 /  
ArNH.C=C
^ C Q  Et
( 1 4 ) .
,CN
coxt
(1 5 )
NH_ XN
NH^  /CN
I  ^ /
N.C=C
I \
Me CO Et
(17 )
Cl'
Cl (18 )
NHMe^XN \
C02Et
The NH absorptions in  the i . r .  spectra  o f  the e th y l  dicyancpropenoates
(14) were very l i k e  those in  the spectra  of the diaminomethylenemalono-
-1
n i t r i l e s .  For example, 15 gave th ree  peaks a t  3220, 3300 and 3450 cm
“ 1 116 gave two peaks a t  3200 and 3350 cm , 1 7  gave two peaks a t  3200 and
-1  -13380 cm , and 18 gave one peak a t 3250 cm
-1  -1in  a l l  the spectra  a t  1620-40 cm and 1660-75 cm
those a t  1620-40 cm 
-1
-1
The CN groups o f the propenoates absorbed a t  2200-2205 cm . There 
were no ty p ic a l  e s te r  carbonyl absorptions, but two peaks were present
Assuming th a t  
were due to NH deformation absorption , those a t  
1660-75 cm ' were probably CO absorptions s h i f te d  to  low frequency  
because of resonance e f f e c t s .  The p o s it io n s  of the CN and CO peaks 
suggest s ig n i f ic a n t  c o n tr ib u t io n s  o f resonance forms such as 14a and 
14b to the ground s ta te s  of the molecules:
NH XN
ArNH
+ I 2 /
NH=C—  C.. ,0
V
ArNH —C— r
(14a) OEt (14b) lEt
N
The NH2 peak in  the p .m .r .  spectrum of 15 was broad and coincided w ith  
arom atic  r in g  proton absorptions a t  6 7 .5 .  The NH peak was a t  6 9 .6 .  
The NH2 resonance o f 17 was c le a r  o f the arom atic proton resonances, 
being a t  6 8 .5 .  The two s in g le  NH resonances in  the p .m .r .  spectrum o f  
18 were a t  6 8 .7 5  and 6 9 .1 5 .  The p .m .r .  spectra  were thus co n s is te n t  
w ith  the enediamine s tru c tu re s  shown.
The spectra  o f the diaminocyanopropenothiolates 19, were very s im i la r  
to  those o f t h e i r  oxygen analogues (1 4 ) ,  showing th a t  they, too , e x is te d
as enediamines. For example, the l\!H- and NH groups of 20 absorbed in
-1  -1the i . r .  a t  3240, 3320 and 2400 cm , a peak a t  1640 cm was t e n t a t i v e ly
-1assigned to NH deformation absorption and one a t  1570 cm to CO
-1
absorption , and CN absorption was a t  2200 cm . The p .m .r .  spectrum o f  
20 showed resonances fo r  NH  ^ a t  6  7 .85  and NH a t  6  9 .8 5 .
3 - A m in o -3 - (a ry l im in o ) -2 -o x im in o p ro p a n o n itr i le s
^  CN 
N — C — C
\ \ I 0 H
( 2 1 a)
NH CN
NH.C=C,
NO
( 2 1 b) (21c)
NHL XN
I 2  /
N— C —C v
NOCONNe,
CN
^N0
NO
( 22) (23 )
NH2 ^ C N
c c.
N\lOH
S tru c tu re  21a was assigned to 3 -a m in o -3 - (3 -n i t ro p h e n y l im in o ) -2 -o x im in o -
p ro p a n o n i t r i le ,  ra th e r  than 2 1 b, la r g e ly  because o f s i m i l a r i t i e s  between
i t s  i . r .  spectrum and th a t  o f the dimethylcarbamyl d e r iv a t iv e ,  22. The
carbonyl group o f 22 absorbed a t  1755 cm , which c o rre la te d  w e l l  w ith
55the absorptions o f o ther oxime carbamates , whereas the carbonyl group 
o f a urea d e r iv a t iv e ,  such as 23, would be expected to  absorb a t  much 
lower frequency^.
The NH absorptionsof 22 were a t  3320 and 3460 cm ' ,  and those o f 21a
-1  -1were a t  3350 and 3460 cm . There were strong absorptions a t  1660 cm
-1and 1650 cm in  the spectra  of 21a and 22, re s p e c t iv e ly ,  and weaker ones 
- 1  -1a t  1605 cm and 1595 cm , r e s p e c t iv e ly .  These could have been C=N  ^
and NH  ^ deformation, absorptions but d e f i n i t e ,  u se fu l assignments could 
not be made since the NH  ^ and C=C groups in  the a l t e r n a t iv e  tautomer,
2 1 b, and absorptions by the aromatic  r in g  could a l l  occur in  th is  
reg io n .
The CN absorptions of these compounds were very weak. That o f the  n i t r o -
phenyl d e r iv a t iv e ,  2 1 a, was not detected a t  a l l ,  but a very weak
absorption in  the spectrum o f the d ich lorophenyl d e r iv a t iv e ,  24, a t  
"“12240 cm may have been CN absorption . I f  i t  was, i t  provided strong  
evidence in  favour o f  the oximino tautomer, as the CN groups o f the  
d ia m in o n itro s o p ro p e n o n itr i le  tautomers (e .g .  2 1 b) would be expected to  
absorb a t  s im i la r  frequencies  to those o f o ther d iam in o p ro p en o n itr i les  
( i . e .  2180-2200 cm ^ ) .  '
There were very broad absorptions in  the spectra  o f both 2 1 a and 24 a t
-1  -11800-2100 cm and 2400-2900 cm . These were assigned to the OH group
and they in d ic a te  very strong hydrogen bonding, which could be i n t r a ­
m olecu lar, as in  21c. This  places the tru e  s tru c tu re  of 21 somewhere 
between 2 1 a and 2 1 b, but the s im i la r i t y  o f 2 1  to 2 2  j u s t i f i e s  the re p re ­
sen ta t io n  in  21c o f OH bonded to N, ra th e r  than NH bonded to  0.
Thus, the most accurate  rep res e n ta t io n  of 21 appears to be as the  H- 
bonded s t ru c tu re ,  2 1 c, but i t  i s  convenient to fo l lo w  the usual convention  
and represent i t  as 2 1 a.
Only one absorption due to exchangeable protons was detected  in  the .p .m .r .  
spectrum of 21. I t  was a t  6  6 .85  and i t s  in t e g r a l ,  e q u iva len t  to  two 
protons, showed i t  to be due to the NH£ protons.
Benzaldehvde m e th y l- ( l -a m in o - 2 ,2 -d icyanoethenv l)-hydrazones
NR1R2i
C H =N .N .C =C  
| lie \ XN
( 2 5 )
Only a feu o f these compounds uere prepared. T h e ir  CN groups absorbed
-1  -1in  the i . r .  a t  2190-5 cm and 2205-2*200 cm . The methylamine d e r i -
1 2 —1 v a t iv e  (25: R = H, R = Me) gave NH absorption a t  3320 cm , and i t s
p .m .r .  spectrum shoued an NH resonance a t  6  8 .2 .
Benzim idazolines
(26a)
CN
(27)
cc
H
(28 )
A
CN
0 NHBMe
H
(26b)
CN
Ir ArNH.A
NH2 y Z U
=C
(29)
R = CN, C0NH2 , CONHMe, 
CONHPh or C0 2Et
Benzim idazoline s tru c tu re s  (26a) uere assigned to the c y c l ic  products  
o f  re a c t io n  o f d iaminoethylenes u i th  o -pherylenediam ines, because o f  
the  s im i l a r i t y  o f  t h e i r  i . r .  spectra  to those o f the re la te d  a c y c l ic  
compounds, 29. In  p a r t i c u la r ,  the CN absorption frequencies  o f the  
benzimidazolone ser ies  c lo s e ly  p a r a l le le d  those o f the diam inoethylene  
s e r ie s .  Higher CN absorption frequencies  uould be expected i f  the  com­
pounds uere benzimidazoles (2 6 b ) ,  r a th e r  than benzimidazolones (2 6 a ) .
The p .m .r .  spectra  of 27 and 28 shoued them to e x is t  as the benzimida­
zolone tautomers, and provided fu r th e r  j u s t i f i c a t i o n  fo r  the  assignment 
o f enediamine s tru c tu re s  to the r e la te d  a c y c l ic  compounds (29: R = C0NH2  
or CONHMe). The tuo protons, H^, in  27 resonated a t  6  9 .1 5 ,  and the NH2®
protons a t  6  6 .4 .  These assignments uere made by comparison o f  the
Aspectrum u i th  th a t  of 28, uhose H protons a lso resonated a t  6  9 .1 5  and
uhose s in g le  amide proton, HB resonated a t  6  6 .7 5 .
Quinazolinones
R
6'
(32)
CN
^MMOCONI7!
(30) (31)
R = CN, CONH , CONHFIe 
CONHPh or CO Et
ArNH ftrN=C— (f
'\<!0H
(33)(29)
The s im i l a r i t y  o f  the i . r .  spectra  o f the quinazolinones, 30, to those
o f the re la te d  diaminoethylenes (29 ) in d ic a te d  th a t  they a lso e x is te d
-1as enediamines. The CN absorptions occurred a t  frequencies  15-20 cm 
higher than those of the corresponding d iam inoethylenes, but t h is  would 
be expected since resonance between lone p a irs  o f the r in g  n itro g en  
atoms and the CN groups would be reduced by competing resonance between 
the lone p a irs  and the CO group.
L ike  the re la te d  a c y c l ic  compounds (33 ) the d e r iv a t iv e  o f nitroso-*-
m a lo n o n it r i le ,  31, appeared to e x is t  in  the a l t e r n a t i v e ,  oximino form.
I t  reacted w ith  dimethylcarbamyl c h lo r id e  to give an oxime carbamate, 32,
and the i . r .  spectra  of 31 and 32 showed many s i m i l a r i t i e s .  The CO
— 1group o f the oxime carbamate (32 ) absorbed a t  1780 cm . There was 
evidence o f H bonding in  31, as there  was a broad absorption in  i t s  
i . r .  spectrum from 2500 to 2900 cm . This could have been i n t r a ­
m olecu lar, as in  31b or 31c:
( 3 1 b ) (31c)
Pyrazoles and Pyrazplopvrim idinones  
-CN R2 R3N1: 'CN
4R N NHCOR 
(35 )
ArNH
NH0 m
. u /
\ ,
(29 )
2 3 R R N
(36 )
NH
R
fie
( 3 7 ;
2
R R
(3 8 )
The spectroscopic evidence th a t  the pyrazo les  (34 and 35) and p y ra z o lo -
1 4pyrim id inones, in  which R was a lk y l  or a r y l  and R was a lk y l ,  a r y l
or t r i f lu o r o m e th y l ,  ex is ted  as the isomers and tautomers shown i s  '
discussed in  Chapters V I I  and V I I I .  Two examples of the a l t e r n a t i v e
/ 4 \isomers o f the pyrazolopyrim idinones (37 : R = CMe  ^ or CF^) are mentioned
in  Chapter V I I I ,  along w ith  evidence from p .m .r .  spectroscopy th a t  the
compounds in  which R was H (38 ) ex is te d  as the 1 -H tautomers.
The CN groups o f the pyrazo les  (34 , 35) absorbed in  the i . r .  a t  2205-40 cm 
in d ic a t in g  th a t  resonance w ith  the amino- groups was not as strong as 
in  the a c y c l ic  diaminocyanopropenamides (2 9 ) .  Competing resonances, 
such as in  34c and 34d, would r e s t r i c t  resonances in v o lv in g  the CN 
group:
R2 R3N
( 3 4 )
2,R
R
(34a)
2 ,R
R
(34b)
/ k
2 3 +R R i t  ^ CN
( 3 4 c )
R R N
N NH
( 3 4 d )
The i . r .  spectra  of the pyrazolopyrim idinones (36 , 37, and 38) a l l
—1 —  1showed broad, bonded NH absorptions from about 2600 cm to 3500 cm
Other peaks common to a l l  the compounds were a t  1670-90 cm ' and a t  1575
— 1  2 3cm . The 3-amino groups o f those compounds (36 ) in  which R and R
-1were both H probably gave NH  ^ deformation absorptions a t  1630-50 cm ,
s ince absorptions which appeared in  th a t  region o f t h e i r  spectra  were
2 3absent from the spectra  of compounds in  which R and R were not both
H.
MeS
rle N
(4 1 )
NH
CF3
(42)
The NH groups o f the p y razo les , 39 and 40, absorbed in  the i . r .  a t  
3360 and 3440 cm . The CN groups absorbed a t  2220 cm ' .  The chemical 
s h i f t s  o f  the amino protons in  the two compounds r e f le c te d  the e f f e c t  
o f conjugation between the amino group and the CN ‘group of 40: the  
resonance o f the NH£ protons in  39 occurred a t  6  5 .5  and th a t  o f  the  
NH2  protons in  40 occurred a t  6  6 . 6 .
The i . r .  spectra  o f the 3-m ethylmercaptopyrazolopyrim idinones (41 and
—142) showed broad, bonded NH absorptions from about 2600 cm to 3300 cm
and, l i k e  those o f the 3-amino- analogues, strong absorptions a t  1670-
-1  -11700 cm . There was an absorption a t  1600-1615 cm , but the reg ion
-1
from 1630-50 cm was c le a r .
The S tru c tu re  o f 3 -A m in o -6 -(1 , 1 -d im eth y le th y l)-2 -m eth y l-5J H -p yrazo lo -
(3 ,4 -_d )~pyrim id in -4 -one
56X -ray  c rys ta l lo g rap h y  showed th is  compound to have the fo l lo w in g  
s tru c tu re  and dimensions:
151
152
153
161103
16202 101
163
173 172 171
o
Bond Lengths (A)
N1-N2 1.388 C3-N11 1.362 N11-H111 0 .8 4
N2-C3 1.399 C4-012 1.239 N1 1 -H 1 1 2 0 .90
C3-C9 1.398 N5-H13 0 . 8 8 C15-H151 1 . 0 0
C9-C4 1.413 C6-C14 1.521 C15-H152 1 . 0 1
C4-N5 1.384 C14-C15 1.529 C15-H1.53 1 . 0 2
N5-C6 1.386 C14-C16 1.539 C16-H161 1 .03
C6-N7 1.291 C14-C17 1.531 C16-H162 0 .98
N7-C8 1.381 C10-H101 0.99 C16-H163 1.08
CB-C9 1.409 C10-H102 0.91 C17-H171 1 .0 3
C8-N1 1.328 C10fH103 0.97 C17-H172 1 .09
N2 - C 1 0 1.450 C17-H173 1 .08
For C-H and N-H bonds, average c r -  0 .0 3 ;  
fo r  o ther bonds, average o' = 0 . 0 0 2 .
Bond Angles (,u ; 
C8-N1-N2 . 103.0
N1-N2-C3 113.7
M2-C3-C9 105.8
C3-C9-C8 105.0
C9-C8-N1 112.6
C8-C9-C4 120.3
C9-C4-N5 112.0
C4-N5-C6 124.8
N5-C6-N7 124.1
C6-N7-C8 114.5
N7-C8-C9 124.3
N1-N2-C10 119.9
C3-N2-C10 126.4
N2-C3-N11- 123.2
C9-C3-N11 130.9
w C9-C4-012 126.8
N5-C4-012 121.2
N5-C6-C14 115.0
N7-C6-C14 120.9
C6-C14-C15 110.3
C6-C14-C16 109.3
C6-C14-C17 108.6
C15-C14-C16 108.6
C15-C14-C17 110.1
C16-C14-C17 110.0
Average cr= 0 .1 °  approx.
The f i n a l  R - fa c to r  was 4 .4 ^  (w ith o u t absorption c o r r e c t io n ) .
X. Experimental
Notes:
1) Compounds are named in  the experim ental section according to curren t  
p ra c t ic e  in  Chemical A bstracts , w ith  the exception o f methane- 
t r i c a r b o n i t r i l e  and i t s  s a l ts ,  which are c a l le d  tricyanomethane
and tricyanom ethanides, re s p e c t iv e ly .
2) In  each sub-section o f compounds of s im i la r  type, prepared in  a 
s im i la r  way, the compounds are l i s t e d  in  molecular formula o rder.
3) A l l  pH measurements were approximate, having been determined to  
i  1  pH u n i t  w ith  MLyphann pH 1 - 1 1 , three-band paper.
4) P .m .r .  data: peaks recorded in  p .m .r .  spectra which were due to
exchangeable protons, and were suppressed by the a d d it io n  o f 'DO.
• 0 
to the sample, are marked
5) HAZARDS: The by-product in  the p repara tion  of potassium t r ic y a n o -  
methanide, and found in  the waste l iq u o r s ,  i s  cyanogen bromide.
Small amounts of hydrogen cyanide were l ib e r a te d  during the re ac t io n s  
of some of the s a l ts ,  e s p e c ia l ly  KC(CN)2 C0 NH2  and NaC^CN-^NO, 
with  amines and hydrazines.
Hydroxyim inopropaned in itr i le  and i t s  sodium s a l t  can decompose q u ite  
v io le n t ly ,  even in  w ater, in  the presence o f acid or a l k a l i .
Reactions of methylmercapto- d e r iv a t iv e s  involved the l ib e r a t io n  
of m ethaneth io l.
The dimethylcarbamates are p o te n t ia l ly  to x ic ,  as a c e ty lc h o lin e s te ra s e  
in h ib i t o r s .
Potassium Tricyanomethanide and Related S a lts
17 33The sodium s a l t  o f hydroxy im inopropaned in itr i le  ( 1 0b) ’ was prepared
. 5 3by a method which was developed by C.R.H. White :
Melted p ro p a n e d in i t r i le  (189 g) was added to water (2 .46  l )  and the  
mixture was cooled to 2 ° .  Sodium n i t r i t e  (378 g) was added and then  
jD-hydrochloric acid (293 ml) was added a t  such a ra te  th a t  the tem perature  
of the mixture did not exceed 5° ( ic e /a c e to n e  c o o lin g ) .  The a d d it io n  
took 45 minutes. The mixture was s t i r r e d  fo r  1 minute a f t e r  completion  
of a d d it io n  and t h e n 1OM-sodium hydroxide (3 0 •ml approx.) was added 
u n t i l  the pH of the mixture ju s t  reached 7 -8 .  The mixture
was evaporated to dryness a t  reduced pressure, using water bath 
h e at in g . F in a l  dry ing was a t  6 0 -7 0 ° .  . The yellow  residue was crushed 
and e x trac ted  w ith  acetone (1 .5  1 , 0 .81  and 0 .5  l ) .  The e x t ra c ts  were 
separated by f i l t r a t i o n  and evaporated a t  reduced pressure. The residue  
was d r ied  f i n a l l y  .in vacuo a t  50-60° to give the anhydrous, b r ig h t  yellow  
product (236 g, 70^) which was used fo r  fu r th e r  re ac t io n s  w ithout p u r i f i ­
c a t io n .
Potassium Tricyanomethanide ( 1 b) was prepared by a m o d if ic a t io n  o f  the
49method described by Trofimenko, L i t t l e ,  and Mower :
10D ib ro m o p ro p an ed in itr i le  potassium bromide complex ( 1  kg) was added to  
a suspension of potassium cyanide (500 g) in  acetone (2 .3  l ) ,  w ith  s t i r r i n g ,  
over about 30 minutes. A f te r  the f i r s t  few minutes, ic e  water coo ling  
was used to keep the temperature a t  3 5 -4 0 ° .  A f te r  completion o f  a d d i t io n ,  
the m ixture  was s t i r r e d  a t  35-40° fo r  1-§- hours and then heated to  50° and 
f i l t e r e d  ho t. The f i l t r a t e  was allowed to  cool and d i lu te d  w ith  xylene  
( 2 .5  l )  to p r e c ip i t a t e  potassium tricyanom ethanide (290 g, 5Q% based on 
KCI\l), which was washed w ith  ethanol to remove brown im p u r i t ie s .
The prussian blue t e s t  showed the product to be f re e  from cyanide, and 
measurement of the p roportion  o f the product in s o lu b le  in  dry acetone  
showed th a t  i t  contained less  than 2% potassium bromide. Conductio-  
m etr ic  t i t r a t i o n  aga ins t s i l v e r  n i t r a t e  in d ic a te d  a p u r i ty  o f  > 95^.
The Potassium S a l t  o f  Dicyanoacetamide ( 2 b) was prepared by the method
49
of Trofimenko, L i t t l e , a n d  Mower
The Potassium S a l t  o f l\!-methyldicyanoacetamide (3b)
A s o lu tio n  of p r o p a n e d in i t r i le  ( 6  g, 0.09M) and methyl isocyanate  ( 6  ml,
5 .8  g, 0.1M) in  te tra h y d ro fu ra n  (10 ml) was added, w ith  s t i r r i n g ,  to  
one of potassium hydroxide (5 .1  g, 0.09M) in  water (40 ml) over a period  
o f 10 min a t  25 -30° (w ater c o o l in g ) .  The pH o f the red s o lu t io n ,  a f t e r  
a d d i t io n ,  was 8 . A f te r  1 hour, the s o lu tio n  was evaporated to dryness  
and the residue was r e c r y s t a l l is e d  from 50:50 2 -p ropano l:w ater  to  g ive  
the pure product (2 g, 14^b), m.p. 294-5°  decomp. (Found: C, 37 .0 5 ;
H, 2 .3 ;  N, 2 6 .0 .  C ^K N ^O  re q u ire s :  C, 37 .25; H, 2 .5 ;  N, 2 6 .1 ^ ) .
The c r y s t a l l i s a t io n  f i l t r a t e  was evaporated to dryness and the re s id u a l  
product was washed w ith  ethanol and w ith  a c e to n e .(6 .4  g, 43$) m.p. 283-5°  
decomp. The i . r .  spectra  of the two batches of product were id e n t ic a l .
The Potassium S a lt  o f  S -Ethyl D icyanoethanethioate  (9 )
A s o lu t io n  o f p r o p a n e d in i t r i le  (1 3 .2  g, 0.2M) and 5 -e th y l  c h lo ro th io -
formate (21 ml, 24.9  g, 0.2M) in  te tra h y d ro fu ra n  (20 ml) was added s lo w ly ,
w ith  s t i r r i n g ,  to one o f potassium hydroxide (2 2 .4  g, 0.401) in  water
(50 m l) .  During a d d it io n  the temperature of the mixture was kept a t
45 -55° by ic e  water co o lin g . The m ixture  was s t i r r e d  a t  room tem perature
fo r  30 minutes and then cooled to 0 ° .  'The p r e c ip i t a t e ,  which was washed
w ith  ic e -c o ld  w ater ,  was the product (18 g, 4 7 $ ) ,  m.p. 285° decomp.
(Found: C, 37 .25; H, 2 .3 ;  N, 14 .55 . C l-LKN OS re q u ire s :  C, 3 7 . 5 ; H, 2 . 6 ;o u 2
N, 1 4 .6 $ ) .
The Potassium S a lt  o f E th y l D icyanoacetate (7 )
A s o lu t io n  o f e th y l  chloroform ate (425 ml, 570 g, 5.25M) and propane­
d i n i t r i l e  (330 g, 5M) in  te tra h y d ro fu ra n  (500 ml) was added, w ith  s t i r r i n g  
to one o f potassium hydroxide (560 g, 5M) in  water (2 l )  over a perio d  
of 40 minutes. Ice  water cooling  was used to  prevent the tem perature  
r is in g  above 4 0 ° .  The m ixture  was s t i r r e d  a t  room temperature fo r  one 
hour and then cooled to 0 ° .  The product was f i l t e r e d  o f f ,  washed w ith  
ic e -c o ld  water and w ith  ethanol and d r ied  to a pa le  pink powder (416 g, 
4 7 $ ) ,  m.p. 2 97 -8°  decomp. (Found: C, 40 .75 ; H, 3 .1 5 ; l\!, 1 5 .7 .  CgH^KN^O^ 
re q u ire s :  C 4 0 .9 ;  H, 2 .8 5 ;  l\I, 1 5 .9 $ ) .
A s im i la r  experiment on a 0.2M_ scale  gave the same percentage y ie l d .
One on a 0.201 sca le ,  in  which a so lu t io n  o f p r o p a n e d in i t r i le  in  e th y l
chloroform ate was used w ithout d i lu t io n  w ith  te tra h y d ro fu ra n ,  gave a 
y ie ld  o f 33$. Varying the re ac t io n  temperature between 15° and 45° led  
to  no change in  y ie ld  in  experiments w ith ,  or w ith o u t,  te t ra h y d ro fu ra n .
Concentration o f the re a c t io n  l iq u o rs  from these experiments gave not the  
req u ired  product, but a m ixture  o f potassium c h lo r id e  and a compound 
which has not been i d e n t i f i e d .
The Potassium s a l t  o f l\l,l\l-dimethyldicyanoacetamide ( 6 b) and 3-am ino- 
2-cyano-l\) , l\l-d im ethyl-3-(phenylam ino)-propenam ide
A so lu t io n  o f p ro p a n e d in i t r i le  ( 6 . 6  g, 0.1M) and dimethylcarbamyl c h lo r id e  
( 1 1  g, 0 . 1 0 2 0 1 ) in  te tra h y d ro fu ra n  was added, w ith  s t i r r i n g ,  to one of 
potassium hydroxide (1 1 .2  g, 0.201) in  w ater, over 15 min. The tem perature  
of the m ixture  was kept below 30° by water co o lin g . At the end o f the  
a d d i t io n ,  the pH o f the s o lu t io n  was 8 . The s o lu t io n  was s t i r r e d  fo r  a 
fu r th e r  2 hours and then evaporated to dryness. The residue was washed 
w ith  a l i t t l e  e th an o l,  d r ied  and dissolved in  water (50 m l) .  Benzenamine 
hydroch loride  (1 0 .4  g, 0.0801) was added and the s o lu t io n  was heated under 
r e f lu x  fo r  14 hours and then cooled to room tem perature . The p r e c ip i t a t e  
(1 .4  g) was r e c r y s ta l l is e d  from ethanol to g ive 3 -am ino-2-cyano-N , IM- 
dim ethyl-3-(phenylam ino)-propenam ide (0 .5  g, 2 .5$  based on p r o p a n e d in i t r i l e ) ,  
m.p. 134-5°  (Found: C, 62 .85 ; H, 6 .3 ;  l\l, 2 4 .0 .  ^2^14^4^  reclLJi rGs:
C, 6 2 .6 ;  H, 6 .1 5 ;  N, 2 4 .3 5 $ ) .
The Potassium S a l t  o f N -e thy l-d icyanoacetam ide (4b)
A s o lu t io n  of p r o p a n e d in i t r i le  ( 6 . 6  g, 0.101) and e th y l  isocyanate  ( 8  ml,
7 .1  g, 0.101) in  te tra h y d ro fu ra n  (5 ml) was added slowly to one o f
potassium hydroxide (5 .6  g, 0.101) in  water (15 m l) .  Ice  coo ling  was used
to keep the temperature o f the re a c t io n  m ixture  below 50°. The m ixture
was cooled to 0° to p r e c ip i t a t e  the product (3  g, 17$ ),  m.p. 270° decomp.
(Found: C, 41 .15 ; H, 3 .55 ; l\l, 2 3 .6 .  C_H,_KI\l_0 re q u ire s :  C, 4 1 .1 5 ;  H, 3 .4 5 ;
6 6 3
N, 2 4 .0 $ ) .  Concentration o f the f i l t r a t e  gave a fu r th e r  crop o f product 
( 6  g, 34$) which was washed w ith  e thanol to remove coloured im p u r i t ie s .
The Potassium S a l t  o f phenyl d icyanoacetate  ( 8 b) and i t s  re a c t io n  w ith  
a n i l in e  hydroch loride
A s o lu t io n  of p r o p a n e d in i t r i le  ( 6 . 6  g, 0.1M) in  phenyl ch loroform ate  
(13 ml, approx. 16 g, 0.103M) was added s lo w ly , w ith  s t i r r i n g ,  to  one o f  
potassium hydroxide (1 1 .2  g, 0.2M) in  water (25 ml) w ith  ic e  coo ling  to
keep the  temperature of the m ixture  below 4 0 ° .  The m ixture  was s t i r r e d
o oa t  30-40 fo r  a fu r t h e r  15 minutes and then cooled to 0 . A sm all amount
o f p r e c ip i t a t e  was found to be diphenyl carbonate. The f i l t r a t e  was
evaporated to dryness a t  reduced pressure. The residue was washed w ith
e th er and e x trac ted  w ith  acetone (50 m l) .  The e x t ra c ts  were evaporated
and the residue was washed w ith  e ther and d r ie d .  The potassium s a l t  o f
phenyl d icyanoacetate  (1 0 .5  g, 0.047M, 47$) thus obtained was heated under
r e f lu x  w ith  a n i l in e  hydroch loride  ( 6 . 1  g, 0.047M) in  water (58 m l) f c r
24 hours. The s t ic k y  p r e c ip i t a t e  was t r i t u r a t e d  w ith  ethanol to  g ive
phenyl 3-amino-2-cyano~3-phenylamino-propenoate (70) as a b lu e -g rey  
powder-(4 .3  g, 15% from p r o p a n e d in i t r i l e ) .  R e c ry s ta l l is a t io n  from d im e th y l-  
formamide gave the pure product (2 g, 1%), m.p. 214~5U (Found:
C, 5 8 .5 ;  H, 4 .7 ;  l\!, 1 5 .1 .  *"']6^13^3^2 r e 0u* res : 6 8 . 8 ; H, 4 .7 ;  l\l, 1 5 .0 5 ^ ) .
A ddition  o f water to the r e c r y s t a l l i s a t io n  f i l t r a t e  gaue a f u r t h e r  crop 
product ( 1 . 1  g, 4/6), m.p. 2 0 8 -9 ° .
N-Phenyl Dicyanoacetamide ( 8 a) and i t s  T r ie th y lam in e  S a lt
45The method used was a m o d if ic a t io n  o f one described by Stamm and FU hrling  :
T r ie th y lam in e  (70 ml, 51 g, Q.505M) was added slowly to a s o lu t io n  o f  
p r o p a n e d in i t r i le  (33 g, 0.5M) and phenylisocyanate (5 9 .5  g, 0.5M) in  
te tra h y d ro fu ra n  ( 2 0 0  m l) ,  w ith  ic e  cooling  to keep the tem perature below
G O40 . A f te r  a d d i t io n ,  the m ixture  was cooled to 3 and the p r e c ip i ta te d  
t r ie th y la m in e  . s a l t  o f N-phenyldicyanoacetamide was f i l t e r e d  o f f  and washed 
w ith  te tra h y d ro fu ra n .  A sample ( l 3 . 7  g) o f the  white  product was d r ie d ,  
m.p. 9 3 -4 °  (Found: C, 6 7 .3 :  H, 8 .0 ;  N, 19 .6 5 . C ^h^N ^O  re q u ire s :
C, 6 7 .1 ;  H, 7 .7 5 ;  N, 19.55%).
The re s t  o f the product was s t i r r e d  w ith  water and s u f f i c i e n t  c -h y d ro c h lo r ic  
acid  was added to make the m ixture  s tro n g ly  a c id ic .  The s o l id  was 
f i l t e r e d  o f f ,  washed w ith  d i lu t e  h yd ro ch lo r ic  a c id ,  water and a small  
amount o f e th an o l,  and d r ied  to  give |J-phenyldicyanoacetamid^ ( 6 6  g ) , 
s t i l l  con ta in ing  20^ 6 o f i t s  t r ie th y la m in e  s a l t  (by t i t r a t i o n ) ,  m.p. 125-45°  
decomp, ( l i t . ^  1 7 6 -8 ° ) .
The P y r id in e  S a lt  o f N-methyldicyanoacetamide
Methyl isocyanate  ( 6  ml, 5 .8  g, 0.1M) was added to a so lu t io n  o f propane­
d i n i t r i l e  ( 6  g, 0.09M) in  p y r id in e  (18 m l) .  Over a period o f 15 min the
s o lu t io n  became warm and turned dark red . I t  was l e f t  a t  room tem perature
o v ern ig h t .  The dark red , c r y s t a l l i n e  p r e c ip i t a t e  was f i l t e r e d  o f f ,
washed w ith  ethanol and r e c r y s t a l l is e d  from ethanol to give pa le  orange 
c ry s ta ls  o f product (1 2 .3  g, 61%), m.p. 141-2°  (Found: C, 5 9 .0 ;  H, 5 .0 5 ;
N, 2 8 ,1 5 .  re q u ire s :  C, 5 9 .4 ;  H, 5 .0 ;  N, 27.7^6).
S im i la r  p rep ara tio n s  using m ixtures o f p y r id in e  w ith  e ther or to luene  
as so lven t gave the product in  much lower y ie ld .
»
T rie tn y la m in e  S a lt  of N-msthyldicyanoacetamide
A m ixture  o f p ro p a n e d in i t r i le  ( 6  g, 0.°091vl ) ,  t r ie th y la m in e  (15 rnl, 11 g, 
0.11M ), and to luene (25 ml) was warmed u n t i l  the p r o p a n e d in i t r i le  m elted.  
Methyl isocyanate  ( 6  ml, 5 .8  g, 0.1M) was added, w ith  water co o lin g ,  
and the  m ixture  was l e f t  a t  room temperature overn igh t. The p r e c ip i ta te d  
product was f i l t e r e d  o f f ,  toluene-washed and r e c r y s ta l l is e d  from e th an o l.  
(Y ie ld  10 g, 4 5 $ ) ,  m.p. 139-41° (Found: C, 5 9 .3 ;  H, 9 .3 ;  N, 2 5 .4 .  
C11H20N4° rec3u ire s :  C’ 5 8 .9 ;  H, 9 .0 ;  N, 2 5 .0 $ ) .
The 2-lYIethylphenylammonium s a l t  of H y d ro x y im in o p ro p a n ed in itr i le , (96 )  
2~Methylbenzenamine (1 0 .7  g, 0.1M) was-added slowly to jc -h yd ro ch lo r ic  acid  
( 8  m l) .  The m ixture  was heated u n t i l  the hydroch loride  d isso lved and 
then more h yd ro ch lo r ic  acid  was added grad u a lly  u n t i l  the pH o f the  
s o lu t io n  ju s t  changed to approx. 1. A s o lu t io n  o f sodium s a l t  o f  hydroxy-  
im in o p ro p a n e d in i t r i le  (1 2 .5  g, 0.107M) in  water (15 ml) was added and the  
m ixture  was cooled to 0°C. The red o i l  which separated was e x tra c te d  
in to  e th er (30 ml approx.)  and the e ther s o lu t io n  was washed w e l l  w i t h  
w ater , d r ied  over magnesium sulphate and evaporated. The res id u e  was 
f i n a l l y  d r ied  by keeping _in vacuo a t 60° fo r  7 hours and then i t  was 
crushed to give the product as an orange powder (1 3 .5  g, 6 7 $ ) ,  m.p. 7 8 -80 °  
(Found: C, 58 .95; H, 4 .9 5 ;  N, 2 7 .8 5 . C^H^N ^O  re q u ire s :  C, 5 9 .4 ;
H, 5 .0 ;  l\l 2 7 .7 ) .  The i . r .  spectrum of the product showed a l l  the  peaks 
c h a r a c te r is t ic  o f the dicyanonitrosomethanide ion and the remaining peaks 
in  the spectrum were.those which would be expected fo r  the  to lu id in iu m  
io n .
Samples ( 1  g) o f the s a l t  were heated under r e f lu x  fo r  10 hours in  the  
fo l lo w in g  solvents  (5 m l):  e th an o l,  bu tano l,  p y r id in e ,  2-methybenzen- 
amine, dimethylformamide, 4 -m ethy l-2 -pentanone, a c e t ic  acid, and. d i l u t e  
h yd ro ch lo r ic  ac id .  In  no case was any product is o la te d  which could have 
been 3 -am in o -3 - (2 -m eth y lp h e n y lim in o )-2 -h yd ro x y im in o p ro p an o n itr i le .
S a lts  o f Tricyanomethane w ith  Other Cations  
P yrro lid in iu m  Tricyanomethanide
P y r r o l id in e  (1 4 .2  g, 0.2M) was added to j> -hydroch lo r ic  acid (15 m l) ,  
w ith  c o o lin g , and then more acid was added u n t i l  the pH o f the s o lu t io n  
ju s t  changed to 3 -4 .  A s o lu t io n  of potassium tricyanom ethanide (2 5 .8  g, 
0.2M) in  acetone (130 ml) was added. The m ixture  was heated to b o i l in g  
and the p r e c ip i t a t e  of potassium c h lo r id e  was f i l t e r e d  o f f .  The f i l t r a t e  
was evaporated to leave  the product (31 g, 9 5 $ ) ,  m.p. 5 0 -6 0 ° .  The 
product was probably contaminated w ith  a few percent o f potassium  
c h lo r id e ,  but i t  was used to prepare a m in o -(p ip e r id in y l )m e th y le n e -  
p ro p a n e d in i t r i ie  w ithout p u r i f i c a t io n .
S im i la r ly  prepared were:
1 , 6 -Hexanediylammonium Tricyanomethanide. R e c ry s ta l l is a t io n  from 
2-propanol gave the product (2 5 $ ) ,  m.p. 125-7°  (Found: C, 6 2 .9 ;  H, 7 .0 5 ;  
N, 2 9 .8 .  ^'iqN'1 4 ^ 4  re q u ire s :  C, 63 .15; H, 7 .4 ;  N, 2 9 .4 5 $ ) .
N-Butyl-N-ethylammonium Tricyanomethanide (9 5 $ ) ,  which was an o i l .
Dipropylammonium Tricyanomethanide (9 5 $ ) ,  m.p. 5 5 -60 ° .
P iperid in ium  Tricyanomethanide
P ip e r id in e  (148 ml, 127 g, 1.5M) was added to c_-hydrochloric acid  (100 ml) 
w ith  ic e  water co o lin g . More hydroch lor ic  ac id  was added u n t i l  the pH 
of the so lu t io n  was 2 -3 .  The s o lu t io n  was evaporated to dryness and the  
residue was s t i r r e d  w ith  a s o lu tio n  o f potassium tricyanom ethanide  
(195 g, 1.5M) in  hot acetone (1050 m l) .  The m ixture  was f i l t e r e d  and the  
f i l t r a t e  was evaporated to dryness to leave  the crude p ro d u c t, which was
r e c r y s t a l l is e d  from a small amount o f water and d r ied  a t  6 0 -7 0 ° .  (176 g,
6 7 $ ) ,  m.p. 128 -9 ° .  A sample of the product was d r ied  very thoroughly
in  vacuo a t  100°. (Found: C, 61 .3 ;  H, 6 .65 ; N, 3 2 .0 .  C^H^N^ re q u ire s :
C, 61 .35 ; H, 6 .85 ; N, 3 1 .8 $ )0 The i . r .  spectra  and m elt in g  p o in ts  o f  
the  sample and the main batch were id e n t ic a l ,  whereas th a t  o f  a sample 
d ried  a t  2 0 °  showed a d d i t io n a l  absorptions, a t t r ib u t a b le  to the  fo rm ation  
o f a hydrate , and melted a t  1 0 0 ° .
Th is  compound was a lso prepared in  a s im i la r  way to the morpholinium  
s a l t ,  described below, bub was obtained in  only 39$ y ie ld .
Olorpholinium Tricyanomethanide ’ *
Olorpholine (1 7 .4  g, 0.201) was added to  _c-hydrochloric acid (18 ml,
0 . 2 M ap p ro x .)  and the m ixture  was heated to 70 -80° ( th e  morpholinium  
c h lo r id e  d is s o lv e d ) .  A so lu t io n  o f potassium tricyanom ethanide (28 g,
0 . 2201) in  hot water (35 ml) was added. The m ixture  was cooled to 0 °  
and the p r e c ip i t a t e  was f i l t e r e d  o f f  and r e c r y s t a l l is e d  from water to  
give the product (13 .1  g, 3 7$ ) ,  m.p. 132-5° (Found: C, 53 .75 ; H, 5 .6 ;
N, 3 1 .7 5 .  C8 H1 QN40 re q u ire s :  C, 5 3 .9 ;  H, 5 .6 5 ;  N, 3 1 .4 5 ) .
S im ia r ly  prepared were (y ie ld  before  r e c r y s t a l l i s e t i o n ) :
Cyclohexylammonium Tricyanomethanide (9 8 /0 .  m.p. 200 -201°, which was 
found to be s u f f i c i e n t ly  pure w ithout r e c r y s t a l l i s a t io n  (Found: C, 6 3 .0 ;
H, 7 .4 5 ;  N, 29 .35 .  C H ^  -re q u ire s : ’ C, -63.15; H, 7 .4 ;  N, 2 9 .4 5 $ ) .
2,6-Dimethylm orpholin ium  Tricyanomethanide ( 8 8 $ ) .  R e c r y s ta l l is a t io n  
from water gave the product (4 6 $ ) ,  m.p. 137-8° (Found: C, 5 8 .4 ;  H, 6 .4 ;
N, 2 7 .6 5 .  C1 C]H1 4 I\ ! 4 0  re q u ire s :  C, 5 8 .3 ;  H, 5 .8 ;  N, 2-7.2$).
2 -E th y lp ip e r id in iu m  Tricyanomethanide. The o i l y  product (40$) contained  
much potassium c h lo r id e  from which i t  was separated by s o lu t io n  in  acetone.  
Evaporation of the acetone gave the product (2 5 $ ) ,  m.p. 7 9 -80 °  (Found:
C, 6 4 .2 ;  H, 7 .45 ; N, 2 7 .9 .  ' C ^H  gN4  re q u ire s :  C, 64 .65; H, 7 .9 ;  IM, 2 7 .4 5 $ ) .
n-Decylammonium Tricyanomethanide (9 4 $ ) ,  which was r e c r y s t a l l i s e d  from 
water to give the product (6 7 $ ) ,  m.p. 1 2 5 -7 ° ,  s u f f i c i e n t ly  pure fo r  
use in  fu r th e r  re a c t io n s .
n-Octadecylammonium Tricyanomethanide (9 0 $ ) ,  m.p. 135 -6 ° .  R e c ry s ta l­
l i s a t i o n  from w ater, fo llow ed by an ethanol wash, gave the product 
(30$) (Found: C, 7 2 .9 ;  H, 11 .05; N, 1 5 .2 .  ^22^40^4 re(::lu^res : ? 3 .3 ;
H, 1 1 .2 ;  N, 1 5 .5 5 $ ) .
Dodecylquanidinium Tricyanomethanide. Dodecylguanidinium a c e ta te  (1 4 .3  g,
0.0501) was suspended in  hot water (70 ml) and a so lu t io n  o f potassium  
tricyanom ethanide (7 g, 0.05501) in  hot water (10 ml) was added. The 
gummy s o l id  which formed was separated by decanta tion  and d isso lved  in  
acetone (200 m l) .  The m ixture  was d r ied  over magnesium sulphate  and 
f i l t e r e d .  Evaporation o f the f i l t r a t e  gave the product ( 8  g, 5 0 $ ) ,  
m.p. 4 3 -5 °  (Found: C, 64 .25; H, 9 .5 5 ;  l\l, 2 6 .0 .  r e q u ire s :
C, 6 4 .1 ;  H, 9 .5 ;  N, 2 6 .4 $ ) .
5.4-Dichlorophenylammonium Tricyanomethanide (9 7 $ ) .  The s a l t  was p a r t i a l l y  
converted to a m in o -(3 ,4 -d ic h io ro p h e n y la m in o )-m e th y len e p ro p a n e d in it r i le  
during r e c r y s t a l l i s a t io n  from w ater . The m ixture  was f i l t e r e d ,  and the  
f i l t r a t e  was cooled r a p id ly  to p r e c ip i t a t e  the s a l t  (6 7 $ ) ,  m.p. 225-30°  
decomp. (Found: C, 4 7 .0 ;  H, 2 .7 ;  N, 2 2 .0 .  C^H^Cl^N^ re q u ire s :  C, 47 .45 ;
H, 2 .4 ;  N, 2 2 .1 5 $ ) .
2 . 5-Dichlorophenvlammonium Tricyanomethanide ( 8 8 $ ) ,  m.p. 1 88 -9 2 ° ,  which 
was used fo r  further re ac tio n s  w ithout p u r i f i c a t io n .
2-Iodophenylammonium Tricyanomethanide (1 0 0$ ) ,  which decomposed s lo w ly ,  
w ithout m e lt in g , above 122° (Found: C ,- 39 .0 ;  H, 2 .05 ; f\!, 1 7 .9 .  C H^IN^ 
re q u ire s :  C, 38 .75 ; H, 2 .3 ;  N, 1 8 .0 5 $ ) .  The product was not r e c r y s t a l l i s e d  
because i t  changed too e a s i ly  to the derived  diaminomethylenepropane- 
d i n i t r i l e .
3-Trifluoromethylphenylammonium Tricyanomethanide (5 6 $ ) ,  m.p. 197 -9°
(Found: C, 5 2 .0 ;  h’, 2 .7 5 ;  l\l, 2 2 .2 5 .  C^H^F^IM^ re q u ire s :  C, 5 2 .4 ;  H, 2 . 8 ;
N, 2 2 .2 $ ) .
4-Chioro-2-methylphenylammonium Tricyanomethanide (9 5 $ ) .  R e c r y s ta l l is a t io n
from water gave the product (7 3 $ ) ,  m.p. 160° decomp. (Found: C, 57 .2 ;
H, 4 .0 ;  N, 24 .3 5 . C ..H DC1N/ re q u ire s :  C, 5 6 .8 ;  H, 3 .9 ;  N, 2 4 .1 $ ) .11 y 4-
5-Chloro-2-methylphenylammonium Tricyanomethanide (1 0 0 $ ) .  R e c r y s t a l l is a t io n  
from water gave the product (8 5 $ ) ,  m.p. 215 -7°  decomp. (Found: C, 5 6 .8 ;
H, 3 .75 ; N, 2 4 .2 .  C HgClN 4  re q u ire s :  C, 5 6 .8 ;  H, 3 .9 ;  N, 2 1 .1 $ ) .
N-Ethyl-N-phenylammonium Tricyanomethanide (8 0 $ ) ,  m.p. 60° decomp., which 
was used in  fu r th e r  re ac t io n s  w ithout p u r i f i c a t io n .  .
3-Aminopyridine b is -(tr icyanom ethane) S a l t ,  D ihydrate
A s im i la r  method to the one described fo r  morpholinium tricyanom ethanide,  
but using two equ iva len ts  each of hydroch loric  acid and potassium 
tricyanom ethanide, gave th is  s a l t  (8 5 $ ) ,  m.p. 130° decomp. (Found:
C, 4 9 .6 ;  H, 3 .4 ;  N, 3 5 .7 .  „H0 I\L. 2Ho0 req u ires : C, 50 .0 ; H, 3 .85 ;
1 o o o Z
l\l, 3 5 .9 $ ) .
S a lts  o f Dicyanoacetamide w ith  other Cations  
The Tetra-n-butylammonium S a lt  o f Dicyanoacetamide
Tetra-n-butylammonium hydroxide s o lu t io n ,  40$ (13 ml, 0.021*1), was d i lu te d  
with water (50 ml) and c^-hydrochloric acid  (2 ml approx.)  was added 
u n t i l  the pH of the so lu tio n  was 5 -6 .  Chloroform (25 ml) was added, 
followed by a s o lu tio n  o f the potassium s a l t  o f dicyanoacetamide  
(3 .2  g, 0.0221*1) in  warm water (15 m l) .  The m ixture was shaken and then 
separated. The aqueous la y e r  was re -e x tra c te d  w ith  chloroform (5 m l) .
The chloroform e x tra c ts  were washed w ith a 5$ so lu tio n  of KC^CfO^COIN^ 
in  water ( 2 x 3  ml) and then w ith  w ater, d ried  over magnesium sulphate  
and evaporated. The re s id u a l  o i l  was kept In  vacuo a t  100° fo r  1  hour 
to remove l a s t  traces  of so lven t. I t  s o l id i f i e d  on cooling  and the  
product was crushed to a waxy powder (5 .3  g, 7 6$ ),  m.p. 78 -9 °  (Found:
C, 68 .3 ; H, 11.15; N, 1 6 .0 .  re q u ire s :  C, 68 .5 ; H, 10 .95;
N, 1 6 .0 $ ) .
The Hexadecyltrimethylammonium S a lt  o f Dicyanoacetamide 
Hexadecyltrimethylammonium bromide-(1 8 .2  g, 0.05l*l) in  hot water (150 ml) 
and potassium s a l t  o f dicyanoacetamide ( 8  g, 0.055l*l) in  hot water (50 ml) 
were mixed. The so lu tio n  was cooled and the re s u l ta n t  viscous l iq u id  
was extrac ted  w ith chloroform (3 x 50 m l) .  The chloroform e x t ra c ts  were 
washed with a 5$ s o lu tio n  of potassium s a l t  o f dicyanoacetamide in  water  
(2 x 100 ml) and d r ied  over magnesium su lphate . Evaporation of the ch loro ­
form l e f t  the product (1 0 .4  g, 53$),  m.p. 8 8 °  (Found: C, 7 0 .0 ;  H, 10 .3 ;
N, 14 .7 . req u ires : C, 7 0 .3 5 ; .H ,  11 .3 ; l\l, 1 4 .3 $ ) .
Other s a l ts  of dicyanoacetamide were prepared in  a s im i la r  way to  
morpholinium tricyanom ethanide, using a saturated  so lu tion  of the potassium  
s a l t  ofdicyanoacetamide in  hot water, in  p lace of the so lu tio n  of  
potassium tricyanom ethanide. Thus obtained were:
The n-Decylammonium S a lt  o f Dicyanoacetamide (5 0 $ ) ,  m.p. 121-2° (Found: 
C, 6 3 .2 ;  H, 10 .1 ;  N, 2 1 .0 .  C ^ H ^ I^ O .r e q u i r e s :  C, 63 .15; H, 9 .8 5 ;  
l\l, 2 1 . 0 $ ) .  a f t e r  r e c r y s t a l l i s a t io n  from w ater.
The 2 -Bromophenylammonium S a lt  (4 8 $ ) ,  m.p. 191 .5 °  (Found: C, 4 2 .4 ;
H, 3 .3 ;  N, 2 0 .1 .  C^QHgBrN40 re q u ire s :  C, 4 2 .7 ;  H, 3 .2 5 ; N, 1 9 .9 5 $ ) .
The 2-Chlorophenylammonium S a lt  (9 4 $ ) .  R e c ry s ta l l is a t io n  from w ater ,  
w ith  hot f i l t r a t i o n  to  remove some in s o lu b le  m a te r ia l ,  gave the  product 
(4 3 $ ) ,  m.p. 212° (slow h e a t in g ) (Found: C, 50 .3 ;  H. 4 .0 ;  N, 2 4 .1 .  
C1 QHgCll\ ! 4 0  re q u ire s :  C, 50 .75; H, 3 .85 ; N, 2 3 .7 $ ) .
The 2-Iodophenylammonium S a lt  (9 6 $ ) ,  m.p. 117-9°  (Found: C, 36 .5 5 ;
H, 2 .6 5 ;  N, 1 6 .9 .  C^HgllN^O re q u ire s :  C, 3 6 .6 ;  H, 2 .75 ; l\l, 1 7 .0 5 $ ) .
The 4-Chloro-2-methylphenylammonium S a lt  (1 0 0 $ ) .  R e c r y s ta l l is a t io n  
from w ater gave the product (7 4 $ ) ,  m.p. 160° ( ra p id  h e a t in g )  (Found:
C, 5 2 .7 ;  H, 4 .7 ;  l\l, 2 1 .9 5 . H ^ C ll^ O  re q u ire s :  C, 52 .7 ; H, 4 .4 ;  
l\l, 2 2 .3 5 $ ) .
The 5-Chloro-2-methylphenylammonium S a lt  (1 0 0 $ ) .  R e c r y s ta l l is a t io n  
from water gave the product (7 2 $ ) ,  m.p. 140-2°  (Found: C, 5 3 .1 ;
H, 4 .7 ;  N, 2 2 .5 .  C ^ H ^ C l l^ O  re q u ire s :  C, 5 2 .7 ;  H, 4 .4 ;  N, 2 2 .3 5 $ ) .
The Hexadecyltrimethylammonium S a lt  o f Flethyl Dicyanoacetamide
A s o lu t io n  o f  potassium s a l t  o f  m ethy l d icyanoacetam ide  ( 5 . 3  g, 0.0331*1)
in -h o t  water (50 ml) was added to one ofhexadecyltrimethylammonium bromide
(12 .1  g, 0.033!*l) in  a m ixture  o f water (100 ml) and chloroform (100 m l ) .
The chloroform la y e r  was washed w ith  a 5$ s o lu t io n  n f potassium s a l t  o f
methyl dicyanoacetamide in  water (2 x 25 m l) ,  d r ied  ovor magnesium
su lphat^  and evaporated a t  reduced pressure to leave  the product ( 7 .7  g,
5 7 $ ) ,  m.p. 79 -80° (Found: C, 70 .85; H, 1 1 . 6 ; N, 1 3 .6 .  0o / H. J'J.O/. 4 4u 4
re q u ire s :  C, 7 0 .9 ;  H, 1 1 .4 ;  H, 1 3 .8 $ ) .
The Hexadecyltrimethylammonium S a lt  o f N-Phenyldicyanoacetamide  
N-Phenyldicyanoacetamide (5 g, 0 . 025M^approx.) (contaminated w ith  a small 
amount o f i t s  t r ie th y la m in e  s a l t )  was s t i r r e d  w ith  hot water (50 ml) 
and 1 0 M-sodium hydroxide s o lu tio n  was added u n t i l  the pH o f the  c le a r  
s o lu t io n  was 7. The s o lu t io n  was added to a suspension o f hexadecyl­
trimethylammonium bromide (9 .1  g, 0.025M) in  water (50 m l) .  The m ixture  
was heated f o r ra few minutes and then cooled to 0 ° .  The p r e c ip i ta te d  
product was r e c r y s t a l l i s e d  from w a t e r . (8 .5  g, 7 2$ ) ,  m.p. 65 -80 °  (Found:
C, 73 .95 ; H, 10 .35; l\l, 1 2 .1 .  C^gH^gN^O re q u ire s :  C, 7 4 .3 ;  H, 1 0 .3 ;
N, 11.95$).
The P iperid in ium  S a lt  o f E th y l Dicyanoacetate
P ip e r id in e  (8 .5  g, 0.101) was added to ^ -h yd ro ch lo r ic  acid ( 8  m l) and then
more jc -hyd ro ch lo r ic  acid  was added to giv/e pH 7. Potassium s a l t  o f  e th y l
d icyanoacetate  (1 7 .6  g, 0.1M) and hot acetone (200 ml) were added. The
m ixture  was s t i r r e d  fo r  a few minutes and then f i l t e r e d .  The f i l t r a t e
was evaporated a t  reduced pressure. The residue was kept a t  90° and 
3 —2approx. 2 .5  x 10 Nm fo r  1 hour and then s t i r r e d  w ith  chloroform (50 m l ) .  
The m ixture  was f i l t e r e d  and the f i l t r a t e  was d r ied  over magnesium sulphate  
and evaporated to  leave  the product as a ye l lo w ish  o i l  (13 g, 58$) (Found: 
C, 59 .45 ; H, 7 .6 ;  l\l, 1 9 .2 .  C 1 1 H 1 7 N 3 0 2  re q u ire s :  C, 59 .15; H, 7 .7 ;
N, 1 8 .8 $ ) .
The Hexadecyltrimethylammonium S a l t  o f  E th y l D icyanoacetate  
Hexadecyltrimethylammonium bromide ( 12. 1 g, 0.033M), potassium s a l t  o f  
e th y l  d icyanoacetate  (6 g, 0.034n) and hot water (100 ml) were s t i r r e d  
to g e th er to form a g e l .  The gel was cooled and ex trac ted  w ith  ch lo ro ­
form (2 x 100 m l) .  The chloroform e x t ra c ts  were d r ied  over magnesium 
sulphate and evaporated to leave an o i l  which c r y s ta l l is e d  on co o lin g  
(10.5 g, 76$), m.p. 56-8° (Found: C, 71.45; H, 1 1 .3 ;M ,  9.85. C2 5 H4 7 N3 ° 2
re q u ire s :  C, 71.2; H, 11.25; N, 9.95$).
Diam inom ethy lenepropaned in itr iles  
Amino-( d ecy lam in o )-m eth y len ep ro p an ed in itr i le
Decylammonium tricyanom ethanide ( 8  g) was heated under r e f lu x  w ith  xylene  
(50 ml) fo r  4 hours. The s o l id  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  from 
ethanol to g ive the y e l lo w is h ,  waxy product (4 .4  g, 5 5$ ),  m.p. 98 -100°  
(Found: C, 6 8 .0 ;  H, 8 .9 5 ;  N, 23 .0  . C re q u ire s :  C, 6 7 *7 f  H, 9 .7 ;
N, 2 2 .6 $ ) .
S im i la r ly  prepared was:
A m in o -(o c tadecy lam ino)-m ethy lenepropaned in itr i le  (3 q, 7 5 $ ) .  R e c ry s ta l­
l i s a t i o n  from ethanol gave the product ( 1 . 8  g, 4 5 $ ) ,  m.p. 109-111°
(Found: C, 7 2 .9 ;  H, 11.2.5; N, 15 .35 . C22^40^4 r e 9u^res: 7 3 .3 ;  H, 1 1 .2
l\l, 1 5 .5 5 $ ) .
A m in o - ( l -p y r r o l id in y l ) -m e th y le n e p r o p a n e d in i t r i le .
P y rro l id in iu m  tricyanom ethanide (32 g) was heated under r e f lu x  in  p y r r o l i
d ine ( 2 0 0  ml) fo r  8  hours. The s o lu tio n  was cooled and poured in to  a
m ixture  of ic e  and water (800 ml) to p r e c ip i t a t e  the product (1 9 .6  g,
6 1$ ) ,  m.p. 173-5°  (Found: C, 59 .5 ;  H, 6 ,05 ; N, 3 4 .7 .  C a lcu la ted  fo r
C .H ^ N . :  C, 59 .25; H, 6 .2 ;  l\l, 3 4 .5 5 ) ,  6  (dmso-d6 ) 7 .0 °  (2H, s, NH0 ) ,  o 1U 4 4g
3 .4 3  and 1 .85  ( 8 H, m, r in g  H ) .  Trofimenko, L i t t l e , a n d  Mower prepared  
t h is  compound from p y r r o l id in e  and tricyanomethane, and reported  a 
m elt in g  poijnt o f  176 -7 ° .
Amino-( 4 -m orpho liny l)-m ethy lenepropan 3 d i n i t r i l e , was prepared in  fo u r  
d i f f e r e n t  so lvents . The f i r s t  o f the fo u r fo l lo w in g  methods gave the  
best y ie ld .
1) I n  Morpholine
Morpholinium tricyanom ethanide (7 g) was heated under r e f lu x  in
morpholine (42 ml) f o r  6  hours. The m ixture  was cooled and poured
in to  water (160 ml) to  p r e c ip i t a t e  the product (5 .9  g, 8 5 $ )9
m.p. 205-10° (Found: C, 5 3 .6 ;  H, 5 .45 ; N, 3 1 .8 .  C-H.-N.O re q u ire s :- o 1U 4
C, 5 3 .9 ;  H, 5 .65 ; N, 3 1 .4 $ ) ,  6  (dmso-d ) 7.5® (2H, s, NH2 ) ,
3 .7 - 3 .3  ( 8 H, m, r in g  H). A repeat experiment on a sm alle r  sca le  
( 0 .5  g s a l t )  w ith  heatin g  fo r  4^ - hours gave a 60$ y ie ld .
2) In  Xylene
Morpholinium tricyanom ethanide (10 g) was heated under r e f lu x  w ith  
xylene (40 ml) fo r  4 hours. The m ixture  was cooled and the s o l id  
was f i l t e r e d  o f f ,  crushed, and washed f i r s t  w ith  acetone, then w ith  
w ater , to  give the product ( 6  g, 60$). The i . r .  spectrum of the  
product was id e n t ic a l  to th a t  o f  the one obtained by method ( l ) .
3) In  2 -M ethoxyethanol
Morpholinium tricyanomethanide (0 .5  g) was heated under r e f lu x  in  
2 -m ethoxyethanol (3 ml) fo r  4-j hours. The s o lu t io n  was cooled and 
poured in to  water to p r e c ip i t a t e  the product (0 .1  g, 2 0 $ ) .  The
i . r .  spectrum o f the product was id e n t ic a l  to th a t  o f the one 
obtained by method ( 1 ) .
4 ) In  Water
Potassium tricyanom ethanide (6 .5  g, 0.05M) was added to a s o lu t io n  
o f morpholine (5 .5  g, 0.063M) and _c-hydrochloric acid ( 5 .4  m i,
0.06M approx .)  in  water (20 m l) .  The pH o f the s o lu t io n  was 8 -9 .
The so lu t io n  was heated under r e f lu x  fo r  12 hours and then cooled  
to  room temperature to p r e c ip i t a t e  the product (1 .2  g, 15$ ).  Heating  
the  re a c t io n  l iq u o rs  fo r  a fu r th e r  7^ - hours gave another crop of  
product (0 .5  g, 6 $ ) .  The i . r .  spectra  of the two batches were
id e n t i c a l  to  th a t  of the product obtained by method ( l ) ,
A m in o - (1 -p ip e r id in y l ) -m e th y le n e p ro p a n e d in i t r i le  (6 0 $ ) ,  m.p. 165 -6°
(Found: C, 60 .95; H, 7 .1 ;  N, 32 .15 . C^H^N^ re q u ire s :  C, 61 .3 5 ; H, 6 .8 5 ;  
N, 3 1 .8 $ ) ,  6  (dmso-d6 ) 7 .3 °  ( 2 H, s, l\!H2 ) ,  3 .4  and 1 . 6  (10H, m, r in g  H ),  .
was prepared in  a s im i la r  way to the p y r r o l id in y l -  analogue, by hea t in g
p ip e r id in iu m  tricyanom ethanide in  p ip e r id in e  fo r  4 hours.
Amino-( 1 , 6 -h e x an e d iy la m in o )-m e th y len ep ro p a n e d in it r i le
1 , 6 -Hexanediylammonium tricyanom ethanide was prepared from 1 , 6 -h e x a n e d iy l -
amine (9 .9  g, 0.1M) by the method described on page 97 , but not
r e c r y s t a l l i s e d .  I t  was heated in  1 , 6 -hexanediy lam ine (50 m l) ,  under
r e f lu x ,  fo r  10 hours. The m ixture  was poured in to  one o f SJVhydrochloric
ac id  (150 ml) and ic e  (150 g ) ,  and the p r e c ip i t a t e  was r e c r y s t a l l i s e d
from ethanol to  give the product (13 g, 6 8 $ o v e r a l l ) ,  m.p. 164-5°
(Found: C, -63.5; H, 7 .8 ;  N, 29 .55 . C -H^.N, re q u ire s :  C, 6 3 .15 ; H, 7 .4 ;
1 U 14  *4 ■
N, 2 9 .4 5 $ ) .
A m in o -( [ \ l-bu ty l- l \! -e thy lam ino)-m ethy lenepropaned ln itr ile
H-Butyl-f\J.-ethylammonium tricyanom ethanide (1 8 .6  g) was heated under 
r e f lu x  in  JM-ethylbutanamine (100 ml) fo r  8  hours. The s o lu tio n  was 
cooled to 0° to p r e c ip i t a t e  the product ( 8 . 6  g, 46%), m.p. 107-10  
(Found: C, 6 2 .4 ;  H, 8 .3 5 ;  l\!, 29 .4 5 .  ^'ig^'1 5 ^ 4  re q u ire s :  C, 62 .4 5 ;
H, 8 .4 ;  l\l, 29.15%). The re a c t io n  l iq u o rs  were poured in to  a m ixture  
of water (500 ml) and c_-hydrochloric acid  (100 ml) to give a fu r th e r  
crop o f product (5 g, 27%), m.p. 106 -10°.
S im i la r ly  prepared was:
Amino-( d ip ro p y la m in o )-m e th y le n ep ro p a n e d in it r i le  (63%), m.p. 123 -5°  
(Found: C, 6 2 .9 ;  H, 8 .5 ;  N, 2 8 .8 .  re q u ire s :  C, 62 .45 ; H, 8 .4 ;
N, 29.15%).
Amino- ( 2-me t  hy Ipheny lamino )-5me thy le n e p ro p a n e d in i t r i le
1 ) The Reaction of 2-methylbenzenamine w ith  Potassium Tricyanomethanide  
2-lvIethylbenzenamine (2 .3  g, 0.024H) and potassium tricyanom ethanide  
(3  g, 0.023ivi) were heated under r e f lu x  in  so lu tio n so f reagents, l i s t e d  
in  Table I,made up to 30 ml w ith  w ater, fo r  4 hours. In  each case, 
the  pH o f the m ixture  a t  the s t a r t  was measured. Each m ix tu re  was 
cooled to room temperature and the p r e c ip i t a t e  was f i l t e r e d  o f f ,  
washed w ith  d i lu t e  h ydroch lor ic  acid  and then w ater, and d r ie d .  The 
products were compared w ith  am ino -( 2 -m ethy lphenylam ino)-m ethylene-  
p r o p a n e d in i t r i le ,  prepared by the method described below, by m .p . ,  
t . I . e . ,  and i . r .  spectroscopy.
Table I  -  Formation o f am ino -( 2 -m ethylphenylam ino)-m ethylenepropane-  
d i n i t r i l e  in  w ater.
Reagents added PH Y ie ld  %
^ -H y d ro c h lo r ic  acid (3 ml) . 1 2 . 2  g ( 5 0 ) a
10 M-Sodium hydroxide (1 drop) 14 0
^ -H y d ro c h lo r ic  acid ( 2 .3  ml) 4 2 . 6  g (6 0 )
50% su lphuric  acid  (1 ml approx.) 4 2 .5  g (5 7 )
AcOH (0 .5  g ) ,  1 OM-NaOH (0 .2  m l) ,  
C .- H C 1  (2 .3  ml) -
4 .5 2 .5  g (5 7 )
AcOH (1 .5  g ) ,  10M-l\!a0H (0 .2  ml) 4 .5 1 . 0  g
I
(2 3 )
a: impure product.
2) Action o f Heat on 2-F)ethylphenylammonium Tricyanomethanide
2-(vlethylphenylammonium tricyanom ethanide (1 5 .3  g, 0.077M) was heated  
under r e f lu x  in  water (150 ml) fo r  8  hours. The m ixture  was 
cooled and the p r e c ip i t a t e  was r e c r y s t a l l is e d  from ethanol to  give  
am ino-(2 -m ethy lph eriy lam ino )-rnethy lenepropaned in itr ile ,  14 ( 6 g,
4 0 ^ ) ,  m.p. 180-81° (found: C, 65 .25 ; H, 5 .3 ;  l\l, 28 ,0 5 . C a lcu la ted  
fo r  C1 1 H1 0 N4 : C, 66 .65; H, 5 .1 ;  N, 2 8 .3 $ ) ,  6  (dmso-d6 ) 8 .3 °  ( 1 H, s, NH), 
7 .3  (4H, s, ArH), 6 .4 °  ( 2 H, s, NH ) ,  2 .33  ( 3H, s, Me). A l le n s te in 1
prepared t h is  compound by heating  a m ixture  of 2 -methylphenylammonium
c h lo r id e  and i t s  tr icyanom ethanide, and reported  a m e lt in g  p o in t  
o f 188.5  -  90° .
Heating the ap p ro p r ia te  tricyanom ethanides in  a s im i la r  way, fo r  the  times  
shown, gave the  fo l lo w in g  compounds ( y ie ld  before  r e c r y s t a l l i s a t i o n ) :
Amino-( 3 , 4 -d ich lo ro p h en y lam in o )~ m eth y len ep ro p an ed in itr i le , 17 (71^6), 
a f t e r  4 hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the  
product (5 8 ^ ) ,  m.p. 230° decomp. (Found: C, 4 7 .1 5 ; H, 2 .8 ;  l\l, 2 1 .6 5 .
C^HgCl^N^ re q u ire s :  C, 47 .45 ; H, 2 .4 ;  N, 2 2 .1 5 ^ ) .
Amino-( 2 , 5 -d ich lo ro p h e n y lam in o )-m eth y le n e p ro p an e d in itr i le , a f t e r  4 hours.  
R e c r y s ta l l is a t io n  from 2 -methoxyethanol gave the product (33/6), m.p.
200-203° (Found: C, 4 7 .1 ;  H, 2 .45 ; N, 21 .65 . C^H^Cl^N^, re q u ire s :
C, 47 .4 5 ; H, 2 .4 ;  Nr 2 2 .1 5 $ ) .  *
Amino-( 2 - io d o p h e n y lam in o )-m eth v le n e p ro p a n e d in itr i l 3  (70^6), a f t e r  12 
hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the product 
(43$0,. m.p. 210-12° (Found: C, 39 .25; H, 2 .4 5 ;  N, 1 8 .1 .  
re q u ire s :  C, 38 .75; H, 2 .3 ;  N, 1 8 .0 5 $ ) .
A m ino-(pheny lam ino)-m ethy lenepropaned in itr i le  (50^6), m.p. 224 -5°  (Found:
C, 6 4 .9 ;  H, 4 .3 ;  N, 29 .95 .  C alcu la ted  fo r  C/, nHQN/ : C, 6 5 .2 ;  H, 4 .4 ;
1 U 8 4
N, 3 0 .4 ^ ) ,  a f t e r  12 hours ( th e  i . r .  spectrum o f a p r e c ip i t a t e  obta ined  
by cooling  the s o lu tio n  a f t e r  the f i r s t  4 hours showed i t  to  be the  
s ta r t in g  s a l t ) .  A l le n s te in  prepared t h is  compound by heatin g  a m ix tu re  
o f phenylammonium c h lo r id e  and i t s  tr icyanom ethanide, and reported  a 
m elt in g  p o in t o f 236°.
A m in o -(3 -tr if lu o ro m eth y lp h en y lam in o -)  -m e th y le n e p ro p a n e d in it r i le  (9 3 $ ) ,  
m.p. 198-200° (Found: C, 52 .2 ; H, 2 .6 5 ;  l\l, 22 .25 . C re q u ire s :
C, 5 2 .4 ;  H, 2 .8 ;  N, 2 2 .2 $ ) ,  a f t e r  8  hours.
Amino-( 4 -c h lo r o - 1 -m e th y Ip h en y lam in o )-m eth y len ep ro p an ed in itr i le  (7 8 $ ) ,  
a f t e r  10 hours. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the product 
(3 1 $ ) ,  m.p. 265-7°  (Found: C, 56 .75; H, 4 .1 5 ;  N, 2 4 .0 .  C^HgClN^ re q u ire s  
C, 5 6 .8 ;  H, 3 .9 ;  N, 2 4 .1 $ ) .
A m in o -(5 -ch lo ro -1 -m eth y lp h en y lam in o )-m eth y len ep ro p an ed in itr i le  (8 2 $ ) ,
a f t e r  10 hours. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the
product (4 4 $ ) ,  m.p. 215-7° (Found: C, 5 6 .4 ;  H, 4 .1 ;  N, 2 4 .0 .  C. „H„C1I\!,i i  y h -
re q u ire s :  C, 5 6 .8 ;  H, 3 .9 ;  N, 2 4 ,1 $ ) .
Amino-( N -e th y Ip h e n y la m in o )-m e th y len e p ro p a n e d in it r i le , a f t e r  4 hours. 
R e c ry s ta l l is a t io n  from ethanol gave the product (6 0 $ ) ,  m.p. 151-3°
(Found: C, 68 .0 ;  H, 5 .8 ;  l\I, 26 .4 5 . 2*^12^4 rec!u^res: H, 5 .7 ;
N, 2 6 .4 $ ) .
Amino-( 2 , 4 -d ibrom ophenylam ino)-m ethy lenepropaned in itr ile
2,4-Dibromobenzenamine (5 g, 0.0211), potassium tricyanom ethanide (2 .8  g, 
0 . 0 2 2 M), ^ -h y d ro c h lo r ic  ac id  ( 1 . 8  ml, 0 . 0 2 1 1  a p p ro x .) ,  and water ( 2 0  ml) 
were heated under r e f lu x  fo r  12 hours. The m ixture  was cooled and the  
p r e c ip i t a t e  (3 .5  g, 51$) was r e c r y s ta l l is e d  from 2-methoxyethanol to  
give the product $ 1 .5 ,  2 2 $ ) ,  m.p. 255° decomp. (Found: 0, 35 .1 5 ; H, 2 .1 ;  
N, 1 6 .7 .  C ^ H g B r ^  re q u ire s :  C, 35 .1 ;  H, 1 .7 5 :  .N, 1 6 .4 $ ) .
S im i la r  re a c t io n s ,  using the a p p ro p ria te  benzenamines, gave the fo l lo w in g  
pounds (y ie ld s  before  r e c r y s t a l l i s a t i o n ) ,  a f t e r  the heatin g  times shown, 
which were r e c r y s ta l l is e d  i f  necessary from 2 -m ethoxyethanol, unless  
otherwise s ta ted :
com-
Amino-( 2 -brom ophenylam ino)-m ethylenepropaned in itr ile  (9 7 $ ) ,  a f t e r  11 hours. 
R e c ry s ta l l is a t io n  gave the product (2 5 $ ) ,  m.p. 189-94° (Found: C, 45 .^ 5 ;
H, 2 .85 ; N, 2 1 .5 .  C^H^BrN^ re q u ire s :  C, 45 .6 5 ; H, 2 .65 ; N, 2 1 .3 $ ) .
flmino-( 4 -brom ophenylam ino)-m ethylenepropanedin itr ile  ( 8 8 $ ) ,  a f t e r  8  
hours. R e c r y s ta l l is a t io n  gave the preduct (3 6 $ ) ,  m.p. 270° decomp.
(Found: C, 45 .3 5 ; H, 2 .6 ;  N, 21 .75 . C^H^BrN^ re q u ire s :  C, 45 .65 ;
H, 2 .65 ; N, 2 1 .3 $ ) .  A second crop o f product (3 7 $ ) ,  m.p. 255-65° decomp., 
was obtained from the r e c r y s t a l l i s a t io n  l iq u o rs .
A m ino-(2 -ch lo ropheny lam ino)-m ethy lenepropaned in itr ile  ( 8 8 $ ) ,  a f t e r  8  
hours. R e c r y s ta l l is a t io n  gave the product (5 7 $ ) ,  m.p. 203 -5°  (Found:
C, 5 4 .7 ;  H, 3 .5 ;  N, 2 5 .8 .  C ^ h ^ C l l^  re q u ire s :  C, 5 4 .9 ;  H, 3 .2 5 ;
N, 2 5 .6 5 $ ) .
A m in o -(3 -ch lo ro p h en y lam in o )-m eth y len ep ro p an ed in itr ile , 22 (8 2 $ ) ,  m.p. 
209-11° (Found: C, 54 .7 ;  H, 3 .3 ;  N, 2 5 .4 .  C1 QH7 C1N4  requires? C, 54 .9 ;
H, 3 .25 ; N, 2 5 .6 5 $ ) ,  6  (dmso-d6 ) 9 .4 5 8  ( 1 H, s, l\!H), 7 .6 °  ( 2 H, s, !\IH2) ,
7 .5 - 7 . 0  (4H, m, ArH), a f t e r  4 hours. Uhen an attempt was made to  
r e c r y s t a l l i s e  the compound from 2 -m ethoxyethano l/w ater , i t  was hydrolysed  
to 3-am ino-(3-chlorophenylam ino)-2-cyanopropenam ide, which was i d e n t i f i e d  
by comparison o f i t s  i . r .  spectrum w ith  th a t  of an a u th e n tic  sample 
prepared from the potassium s a l t  of dicyanoacetamide.
A m in o -(4 -ch lo ro p h en y lam in o )-m eth y len ep ro p an ed in itr ile , a f t e r  6  hours. 
R e c ry s ta l l is a t io n  gave the product (4 5 $ ) ,  m.p. 208-10° (Found: C, 5 4 .5 ;
H, 3 .2 ;  N, 2 5 .4 .  C1 0 H7 C1N4  re q u ire s :  C, 5 4 .9 ;  H, 3 .25 ; l\l, 2 5 .6 5 $ ) .
A m in o -(4 -f lu o ro p h en y lam in o )-m eth y le n ep ro p an ed in itr i le  (6 7 $ ) ,  a f t e r  8  
hours. R e c ry s ta l l is a t io n  from 2 -m ethoxyethanol/w ater gave the  product 
(4 7 $ ) ,  m.p. 190-92° (Found? C, 5 9 .7 ;  H, 3 .8 5 ;  N, 2 7 .4 .  C ^ H 7 FI\I4  r e q u ire s :  
C, 5 9 .4 ;  H, 3 .5 ;  N, 2 7 .7 $ ) .
Am ino-(4 - iodo pheny lam ino)^m eth ylenepropaned in itr i le , a f t e r  22 hours.
The black s o l id  was washed w ith  2 -p ropano l and water to g ive the product 
(6 1 $ ) ,  m.p. 278° decomp. (Found: C, 38 .45; H, 2 .2 5 ;  N, 1 7 .6 .  C<1 qH7 IN 4  
re q u ire s :  C, 38 .75; H, 2 .3 ;  i\l, 1 8 .0 5 $ ) .
A m in o -(3 -n itro p h en y lam in o )-m eth y len ep ro p an ed in itr i le  (7 6 $ ) ,  a f t e r  7 hours.  
R e c r y s ta l l is a t io n  gave the product (3 2 $ ) ,  m.p. 230° decomp. (Found:
C, 5 2 .5 ;  H, 3 .05 ; N, 3 0 .2 5 . C a lcu la ted  fo r  C ^ H ^ O ^ -  C, 5 2 .4 ;  H, 3 .1 ;
N, 3 0 .5 5 $ ) .  A llen s te in ^  prepared th is  compound from 3 -n itrobenzenam ine  
and Am inochlorom ethylenepropancdin itr ile  and reported  i t s  m e lt in g  p o in t  
to  be 253°. I t  i s  p o ss ib le  th a t  h is  product contained a small amount 
o f 3-nitrophenylammonium c h lo r id e ,  which might exp la in  the discrepancy  
in  the m e lt in g  p o in ts .
A m in o -(4 -n itro p h en y lam in o )-m e th y len ep ro p an ed in itr i le  (8 0 $ ) ,  a f t e r  
1 2  hours. R e c ry s ta l l is a t io n  gave t h e ’product (5 9 # ) .  m.p. 260° decomp. 
(Found: C, 52 .6 ;  H, 3 .05 ; N, 3 0 .2 .  C^H^N^O^ re q u ire s :  C, 52 .4 ;
H, 3 .1 ;  N, 3 0 .5 5 $ ) .
Amino-(4-bromo-3-methvlphenylamino-)-methy le n e p ro p a n e d in i t r i le  (9 4 $ ) ,  
a f t e r  24 hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/uater gave the  
product (6 9 $ ) ,  m.p. 202-4°  (Found: C, 47 .65 ; H, 3 .3 ;  N, 2 0 .2 5 .  C ^ H g S rl^  
re q u ire s :  C, 47 .65; H, 3 .25 ; M, 2 0 .2 $ ) .
Amino-( 3 -ch lo ro -2 -m eth y lp h en v lam in o )-m eth y len ep ro p an ed in itr i le  (7 8 $ ) ,  
a f t e r  10 hours. R e c ry s ta l l is a t io n  from • ethanol gave the product (4 8 $ ) ,  
m.p. 244-5°  (Found: C, 56 .55; H, 4 .0 ;  N, 2 4 .3 5 .  C^HgClN^ re q u ire s :
C, 56 .8 ;  H, 3 .9 ;  l\l, 2 4 .1 $ ) .
Amino-( 2 -ch lo ro -6 -m eth y Ip h en y lam in o )-m eth y len ep ro p an ed in itr i le  (7 7 $ ) ,  
a f t e r  8  hours. R e c ry s ta l l is a t io n  gave the product (3 0 $ ) .  m.p. 2G6-7° 
(Found: C, 57.05; H, 4 .0 5 ;  N, 23 .8 5 .  C ^ H g C ll^  requ i res : C, 5 6 .8 ;
H, 3 .9 ;  l\l, 2 4 .1 $ ) .
A m ino-(fd-m ethylphenylam ino)-m ethylenepropanedin itr ile  (6 3 $ ) ,
m.p. 240-42° decomp. (Found: C, 66 .4 ;  H, 5 .25 ; N, 2 8 .2 .  C a lcu la te d
fo r  fM p lB B B : C, 66 .65 ; H, 5 .1 ;  N, 2 8 .2 5 $ ) .  A lle n s te in ^  prepared
th is  compound from (V-methylbenzenamine and aminochloromethylenepropane-
d i n i t r i l e .
Amino-( 4 -m eth y Ipheny lam ino)-m ethy lenep ro paned in itr i le  (7 1 $ ) ,  a f t e r  3 
hours. R e c ry s ta l l is a t io n  gave the product (3 4 $ ) ,  m.p. 242-5°  decomp. 
(Found: C, 66 .95; H, 5 .25 ; N, 2 8 .0 .  C ^ H ^ N ^  re q u ire s :  C, 66 .65 ;
H, 5 .1 ;  N, 2 8 .2 5 $ ) .
Amino-( 2 -m ethoxyphenylam ino)-m ethyleneprop aned in itr i le , a f t e r  12 hours. 
R e c ry s ta l l is a t io n  gave the product (6 2 $ ) ,  m.p. 177-9° (Found: C, 6 1 .3 ;
H, 4 .8 5 ;  N, 25 .6 5 .  C ^ H ^ I^ O  re q u ire s :  C, 61 .65; H, 4 .7 ;  l\l, 2 6 .1 5 $ ) .
Amino-( 3 -m ethoxyphenylam ino)-m ethylenepropanedin itr ile  (7 0 $ ) ,  a f t e r  
12 hours. R e c r y s ta l l is a t io n  from 2 -m ethoxyethano l/uater gave the  product  
(4 4 $ ) ,  m.p. 196-7° (Found: C, 6 1 .9 ;  H, 4 .6 5 ;  N, 2 6 .5 .  C ^ H ^ I^ O  
re q u ire s :  C, 61 .65 ; H, 4 .7 ;  l\!, 2 6 .1 5 $ ) .
Amino-( 4 -m ethoxyphenylam ino)~m ethylenepropanedin itr ile , a f t e r  18 hours.
R e c r y s ta l l is a t io n  gave the product (2 p $ ) ,  m.p. 244-5°  decomp. (Found:
C, 6 1 .3 ;  H, 4 .5 5 ;  N, 2 6 .1 5 .  C' H qN^ 'O re q u ire s :  C, 61 .65; H, 4 .7 ;
N, 2 6 .1 5 $ ) .
Amino-( 3 . 5 -d im eth v lp h en y lam in o )-m eth y len ep ro p an ed in itr i le  (8 5 $ ) ,  a f t e r  
10 hours. R e c r y s ta l l is a t io n  gave the product (4 0 $ ) ,  m.p. 265-70°
(Found: C, 67 ,75 ; H, 5 .8 ;  l\!, 26 .35 .  ^^2^12^4 reclui rGs; 6 7 .9 ;  H, 5 .65 ;
N, 2 6 .4 $ ) .
Am inof2-(1-m e th y le th y l) -p h en y la m in o 1 -m e th y le n ep ro p a n e d in it r i le  (9 2 $ ) ,  
a f t e r  8 hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the  
product (6 9 $ ) ,  m.p. 216-7°  (Found: C, 69 .25; H, 6 .4 ;  N, 24.45..
C13H14N4 re q u ire s :  C’ 6 9 ,0 ’ H’ 6 ,25 ; 24* 75^ ) ‘
A m in o -(2 ,5 -d ie th o x yp h en y lam in o )-m eth y len ep ro p an ed in itr i le  (9 6 $ ) ,  a f t e r  
12 hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the product 
(4 6 $ ) ,  m.p. 190-91° (Found: C, 62 .05; H, 5 .95 ; N, 20 .3 5 . c 14H16N402
re q u ire s :  C, 61 .75; H, 5 .9 ;  M, 2 0 .6 $ ) .
Am ino-(4-phenoxyphenylam ino)-m ethy lenepropaned in itr ile , a f t e r  8 hours.
The black s o l id  was r e c r y s ta l l is e d  to give the product (2 5 $ ) ,  m.p.
208-10° (Found: C, 6 9 .3 ;  H, 4 ,3 5 ;  N, 19 .85 . C H ^ N ^ ’ re q u ire s :  C, 69 .55  
H, 4 .4 ;  N, 2 0 .3 $ ) .  •
Potassium 4 - ( 1 -am ino-2 ,2-d icyanoethenylam ino)-benzenesulphonate  hydrate
4-Am.inobenzenesulphonic acid (1 7 .3  g, 0.1 n) and potassium t r ic y a n o ­
methanide (14 g, 0.111*1) were heated under r e f lu x  in  water (100 ml) fo r  
8 hours. The s o lu tio n  was cooled to p r e c ip i t a t e  the product (2 2 .4  g, 
6 8$ ) ,  m.p. 250° decomp. (Found: C, 37 .1 ;  H, 3 .1 ;  INI, 1 7 .5 .  C^H^KN^O^S +
1 .25  H20 re q u ire s :  C, 3 6 .9 ;  H, 3 .4 ;  l\l, 1 7 .2 5 $ ) .  The water content was 
confirmed by thermal g ra v im e tr ic  a n a ly s is .
Heactions or Uiamines w itn  potassium incyanom einaniae  
P iperaz ine
1) P ip e ra z in e  (15 g, 0.17!*!), potassium tricyanom ethanide (14 g, O . l i n ) ,  
c.-hydrochloric  acid  (9 ml, 0.1M a p p ro x .) ,  and water (30 ml) were 
heated under r e f lu x  fo r  14 hours. The s o lu t io n  was l e f t  a t  room 
tem perature fo r  4 days, during which time there  c r y s t a l l is e d  out 
Amino-(1 -p ip e ra z in y l ) -m e th y le n e p ro p a n e d in i t r i le  (1 3 .5  g, 7 0 $ ) ,
m.p. 180-84° (Found: C, 54 .2 ;  H, 6 .3 ;  N, 3 9 .8 .  C H . i l  re q u ire s :u l l  O
C, 54 .2 ;  H, 6 .2 5 ; N, 3 9 .5 $ )0
2) jc-Hydrochloric  ac id  was added to a m ixture  of a m in o - ( l~ p ip e ra z in y l )~
m e th y le n e p ro p a n ed in itr i le  (1 7 .7  g, O .IM) and water (30 ml) u n t i l
the pH ju s t  changed to 2. Potassium tricyanom ethanide (14 g,
0.111*1) in  hot water (20 ml) was added. The m ixture  was cooled to
room tem perature and the p r e c ip i ta te  was f i l t e r e d  o f f ,  d r ied  and
s t i r r e d  w ith  methanol. A t ra c e  of in s o lu b le  s o l id  was f i l t e r e d  o f f
and the f i l t r a t e  was evaporated to leave the a m in o - ( l - p ip e r a z in y l ) -
m e th y le n e p ro p a n e d in itr i le  s a l t  o f tricyanomethane (1 2 .6  g, 4 7 $ ) ,
m.p. >340° (Found: C, 53 .55; H, 4.7$ N, 4 1 .6 5 .  C H |\| r e q u ire s :12 1 2 8
C, 5 3 .7 ;  H, 4 .5 ;  N, 4 1 .7 5 $ ) .
The s a lt  (9 .6  g, 0.035M) was heated under r e f lu x  in  water (35 ml) 
fo r  10 hours. Washing the p r e c ip i t a t e  w ith  acetone and w ater l e f t  
a m in o - f4 - (1 -a m in o -2 ,2 -d ic y a n o e th e n y l) -1 -p ip e ra z in y l1 -m e th y le n e p ro ­
p a n e d in i t r i l e  (4 .7  g, 4 9 $ ) ,  m.p. >360° (Found: C, 53 .45 ; H, 4 .6 5 ;
N, 4 1 .3 .  C. _H 'nl\L re q u ire s :  C, 5 3 .7 ;  H, 4 .5 ;  i\l, 4 1 .7 5 $ ) .1 2 1 2 8
3 , 5 -D ib ro m o -4 -c h lo ro -1 ,2-benzenedi.am3.ne
The diamine (15 g, 0 .05M ), potassium tricyanom ethanide (7 g , . 0.0551*1), 
and water (50 ml) were heated under r e f lu x  fo r  48 hours. The p r e c ip i t a t e  
was s t i r r e d  w ith  warm 1jM-sodium hydroxide and in s o lu b le  m a te r ia l  was 
f i l t e r e d  o f f .  The f i l t r a t e  was n e u tra l is e d  to pH 7 w ith  h y d ro ch lo r ic  a c id .  
The p r e c ip i t a t e  was r e c r y s ta l l is e d ' f r o m  2-m ethoxyethanol/water to  g ive  
a m in o -(2 -a m in o -3 ,5 -d ibromo-4-chlorophenyla m in o ) -m e th y le n e p ro p a n e d in it r i le  
(7 g, 3 6 $ ) ,  m.p. 200° decomp. (Found: C, 30 .7 ;  H, 1 .6 ;  H, 1 7 .5 .  
^ 1 0 ^6 ^r 2 ^ ] ^ 5  re q u ire s :  C, 30 .7 ; H, 1 .6 ;  N, 1 7 .9 $ ) .
Other 1 , 2-Benzenediamines
S im ila r  re a c t io n s ,  using the ap p ro p ria te  benzenediamines, gave the  
fo l lo w in g  compounds, a f t e r  heatin g  fo r  the times shown, which were 
p u r i f ie d  and r e c r y s t a l l is e d  in  the same way, unless otherw ise s ta te d :
A m ino-(2 -am ino-3 ,4 , 5 -tr ic h lo ro p h en y la m in o V -m e th y len e p ro p a n e d in it r i le
(46%), m.p. 180° decomp. (Found: C, 39 .75; H, 2 .3 ;  N, 2 2 .7 5 . C ,nHcCl_N_
1 U o o o
re q u ire s :  C, 3 9 .7 ;  H, 2 .0 ;  l\I, 2 3 .1 5 $ ) ,  a f t e r  30 hours.
A m ino-(2-am ino-3 , 5 -d ihrcm ophenylam ino)-m sthylenepropanedin .itr ile  (3 6 $ ) ,  
m.p. 258° decomp. (Found: C, 33 .95; H, 2 .0 ;  N, 1 9 .7 .  C„nH„Br_Nc re q u ire s :1u /  2 b
C, 33 .65; H, 2 .0 ;  N, 1 9 .6 $ ) ,  a f t e r  36 hours.
A m in o -(2 -am in o -4 ,5 -d ich lo ro p h en y lam in o )- fn e th y len ep ro p an ed in itr i le  ( 6 8 $ ) ,
m.p. 207° decomp. (Found: C, 4 5 .0 ;  H, 2 .9 ;  N, 2 5 .7 5 .  C ’rLCl.N..
1 U /  2  b
re q u ire s :  C, 4 4 .8 ;  H, 2 .65 ; N, 2 6 .1 $ ) ,  a f t e r  14 hours.
Amino-( 2 -a m in o -3 ,5 -d i io d o p h en y lam in o )-m eth y len ep ro p an ed in it r i le  (5 9 $ ) ,
m.p. 250° decomp. (Found: C, 26 .55; H, 1 .9 ;  N, 1 5 .2 5 . C r e q u i r e s :
1 U ( 2  b
C, 26 .65; H, 1 .55 ; !\l, 1 5 .5 5 $ ) ,  a f t e r  48 hours.
A m ino-(2-am inophenvIam ino)-m ethylenepropanedin itr ile  (2 4 $ ) ,  m.p. 285 -7 °  
(Found: C, 6 0 .7 ;  H, 4 .9 ;  N, 34 .9 5 , reclui rcs : C, 6 0 .3 ;  H, 4 .5 5 ;
l\l, 3 5 .1 5 $ ) ,  a f t e r  24 hours.
Am ino-(2-am ino-4 , 5 -d im eth y lp h en y lam in o )-m eth y len ep ro p a n ed in itr i le  (7 0 $ ) ,  
m.p. 195° decomp. (Found: C, 62 .95; H, 5 .75 ; N, 3 0 .7 .  C _H re q u ire s :I £ I 0  3
C, 6 3 .4 ;  H, 5 .75 ; l\l, 3 0 .8 $ ) ,  a f t e r  20 hours. The product was p u r i f i e d  
v ia  so lu t io n  in  a l k a l i ,  but not r e c r y s t a l l i s e d .
1 , 3-Benzenediamine
The diamine (1 0 .8  g, 0 .1M ),  potassium tiicyanom ethanide  (14 g, O .H M ) ,
jc -hydroch loric  acid  (9 ml, 0.1M a p p ro x .) ,  and water (100 ml) were heated
under r e f lu x  fo r  8  hours. The m ixture  was cooled and the p r e c ip i t a t e
was r e c r y s t a l l is e d  from 2-m ethoxyethanol/water to give amino-(3-aminophenyL
am in o )-m eth y len ep ro p an ed in itr i le  (6 .5  g, 3 3$ ),  decomp. 250° w ith o u t
m elt in g  (Found: C, 6 0 .5 ;  H, 4 .3 5 ;  l\l, 3 5 .5 .  C HQl\lc re q u ire s :  C, 6 0 .3 ;
1 u y 3
H. 4 .5 5 ;  N, .35 .1 5$ ) .
Reaction of 2-Am ino-5-chlorobenzoic  Acid uiith Potassium Tricyanomethanide  
The acid  (1 7 .2  g, 0 .1(1), potassium tricyanom ethanide (14 g 0 .11(1),  
c^-hydrochloric acid  (9 m l , . 0.111 approx. ), and water (100 ml) were heated  
under r e f lu x  fo r  12 hours. The p r e c ip i t a t e  ( 2 0 . 8  g, 7 9$ ) ,  decomp. 260°,  
was d issolved in  1j1-sodium hydroxide. A c id i f ic a t io n  w ith  h yd ro ch lo r ic  
acid gave a p r e c ip i t a t e  of 2 - f ( l -a m in o -2 ,2 -d ic y a n o e th e n v l ) -a m in o l~ 5 -  
chlorobenzoic ac id  (1 6 .6  g, 6 3$ ) ,  decomp. 260° (Found: C, 5 0 .7 ;  H, 2 .4 ;
N, 21.45$,' M+ , 264 .0218. C H7 C1N40 re q u ire s :  C, 5 0 .3 ;  H, 2 .7 ;  N, 21 .35$;  
M+ , 2 64 .0208 ) .
(Vle th v la m in o - ( l -p ip e r id in y l ) -m e th v le n e p ro o a n e d in i t r i le  (24)  
A m in o - ( l -p ip e r id in y l ) -m e th y le n e p ro p a n e d in i t r i le  (1 2 .5  g 5 0 .07(1),  
iodomethane (25 g, 0.1811), potassium carbonate, anhyd. (1 4 .3  g, 0 .105(1),  
and acetone (100 ml) were heated under r e f lu x  fo r  20 hours. The m ixture  
was f i l t e r e d  hot and then reduced in  volume to remove excess iodomethane. 
The s o lu t io n  was poured in to  water to g ive an o i l  which c r y s t a l l i s e d  a f t e r  
a few minutes. The s o l id  was r e c r y s t a l l is e d  from ethanol to g ive the  
product (5 g, 3 7$ ) ,  m.p. 155-7° (Found: C, 6 2 .9 ;  H, 7 .3 ;  N, 29 .7$ ;
M+ , 190. C1 0 H1 4 N4  re q u ire s :  C, 63 .15; H, 7 .4 ;  N, 29 .45$; I1+ , 1 9 0 ) ,
6  (dmso-d^/CDCl^) 7 .1 5 °  (1H, b, NH), 3 .45  and 1 .7  (10H, m, p ip e r id in e  H ),  
3 .0  (3H, d, NHMe). The methyl absorption was reduced to a s in g le t  when 
D^O was added to the sample.
Amino-( N -m ethy1 -3 -ch lo ro pheny lam ino)-m ethy lenepropan ed in itr i le  (2 3 )  
was prepared s im i la r ly ,  except th a t  the re a c t io n  m ixture was not f i l t e r e d  
but poured s t r a ig h t  in to  w ater. R e c ry s ta l l is a t io n  o f the p r e c ip i t a t e  
from 2-methoxyethanol gave the product (1 7 $ ) ,  m.p. 236-7° (Found: C, 56 .45 ;  
H, 4 .25  N, 2 3 .7 .  C/)<,HgClN4  re q u ire s :  C, 5 6 .8 ;  H, 3 .9 ;  N, 2 4 .1 $ ) .  The 
p .m .r .  spectrum of the product in  t r i f l u o r a c e t i c  acid  showed only one 
N-lle peak, a t  6  3 .6 .
E th y l f r a - r o  -a m in o - 2 , 2 -d .icyanoetheny l)-am ino1-4 , 5 -d ic h lo ro p h e n y l l -  
aminocarbonothioyl^ -carbamate (30)
E th y l chloroform ate  (5 g, 0.046(1) was added slowly to a s o lu t io n  o f  
potassium th iocyanate  (5 g, 0.051H) in  acetone (50 ml) w ith  ic e  coo ling  
to  keep the temperature below 4 0 ° .  A f te r  a d d i t io n ,  the m ixture  was 
s t i r r e d  a t  30-40° fo r  1 hour and then cooled to 10°. Am ino-(2-am ino-
4 , 5 -d ich lo ro p h en y lam in o )-m eth y len e p ro p an ed in itr i le  (1 0 .2  g, 0.04(1) 
was added and the m ixture  was s t i r r e d  a t  room temperature fo r  2  hours.
The p r e c ip i t a t e  was f i l t e r e d  o f f ,  washed w ith  acetone and w ith  w a te r ,  
and d r ied  to give the product (4 .6  g, 2 9 $ ) ,  m.p. 195° decomp. (Found:
C, 41 .65 ; H, 2 .9 ;  C l ,  17 .9 ;  N, 2 0 .7 .  ■ C H gC l^gO  S ■ re q u ire s :  C, 4 2 .1 ;
H, 3 .05 ; C l ,  17 .75; N, 2 1 .0 5 $ ) .
The Reaction o f Guanidine w ith  Potassium Tricyanomethanide
1. Guanidine carbonate (1 3 .5  g, 0.1511), potassium tricyanom ethanide  
(13 g, 0 .1(1), ^ -h y d ro c h lo r ic  acid (9 ml, 0.1(1 approx.)  and water  
( 2 1  ml) were heated under r e f lu x  fo r  6  hours. The p r e c ip i t a t e  was 
washed w ith  w ater , acetone and ethanol to give 2 , 4 , 6 - t r ia m in o - 5 -  
cyanopyrim id ine , 37 (3 .2  g, 2 1$ ) ,  m .p .>360° (Found: C, 39 .85;
H, 4 .3 5 ;  N, 5 6 .1 .  CHgNg re q u ire s : 'C ,  4 0 .0 ;  H, 4 .0 5 ;  N, 5 6 .0 $ ) .
The i . r .  spectrum o f the product showed N-H absorptions a t
— 1  ■ —i
3 .100  -  3 ,500  cm and -CN absorption as a s in g le t  a t  2 ,200  cm
2. Guanidine carbonate (1 3 .5  g, 0.1511) and potassium tr icyanom ethanide  
('13 g, 0.1(1) were heated under r e f lu x  in  water (30 ml) fo r  6  hours.
A white  p r e c ip i t a t e  s ta r te d  to form immediately on commencement o f  
h e at in g . The p r e c ip i t a t e  was washed w ith  w ater , acetone and
e th an o l.  The i . r .  spectrum of the s o l id  showed NH absorptions a t
—1 —13 .100  -  3 ,500  cm and a doublet -CN absorption a t  2 ,170  and 2 ,2 00  cm ,
which would be cons is ten t w ith  the s tru c tu re  o f 1 -a m in o - 2 , 2 -d ic y a n o -  
ethenylguan id ine .
The s o l id  was d issolved in  hot 1j1-hydrochloric  a c id .  The pH o f  the  
s o lu t io n  was adjusted to 7 w ith  sodium hydroxide s o lu t io n  to g ive  
a p r e c ip i t a t e  which was found to be 2 , 4 , 6 - t r ia m in o -5 -c y a n o p y r im id in e , 37 
( 4 .4  g, 3 0 $ ) ,  by comparison of i t s  i . r .  spectrum w ith  th a t  o f  the  
a u th e n tic  sample described above.
3 , 3-Diamino-2-cyanopropenamides  
3 - Amino-3-(2-bromophenylamino)-2-cyanopropenamide  
The 2 -bromophenylammonium s a l t  o f dicyanoacetamide (1 6 .6  g, 0.06(1) 
was heated under r e f lu x  in  water (60 ml) fo r  8  hours to g ive a p r e c ip i t a t e  
of the product (1 2 .7  g, 7 7$ ) .  R e c ry s ta l l is a t io n  from 2 -m e th o xyeth an o l/  
water gave the product (9 .8  g, 59$ ),  m.p. 210-11° (Found: C, 42 .3 5 ;
H, 3 .5 ;  N, 1 9 .8 5 .  C1 (]HgBrN40 req u ires : C, 4 2 .7 ;  H, 3 .25 ; N, 1 9 .9 5 $ ) .
Heating the ap p ro p ria te  s a l ts  in  water s im i la r ly ,  fo r  the times shown, 
gave the fo l lo w in g  compounds, which were r e c r y s t a l l is e d  from 2 -methoxy­
e th a n o l/w a te r :
3 - Am ino-3-( 2-iodophenylamino)-2-cyanopropenamide, a f t e r  16 hours. 
R e c r y s ta l l is a t io n  gave the product (1.-4 g, 1 3$ ),  m.p. 124-5° (Found:
C, 3 6 .3 ;  H, 3 .05 ; N, 17 .0 5 .  C HgIN40 re q u ire s :  C, 3 6 .6 ;  H 2 075;
N, 1 7 .1 $ ) .
3 -A m in o -3 -(4 -c h lo ro -2 -m e th y lp h en y la m in o )-2 -c y anopropenami.de (5 8 $ ) ,  
a f t e r  10 hours. R e c r y s ta l l is a t io n  gave the product (2 0 $ ) ,  m.p. 224 -6°  
(Found: C, 52 .95; H, 4 .7 ;  N, 22 .2 5 .  C H C1N40 re q u ire s :  C, 5 2 .7 ;
H, 4 .4 ;  N, 2 2 .3 5 $ ) .
3-Am ino-3-(2 ,4 -d ich lorophenylam ino)-2-cyanopropenam ide
2,4-Dichlorobenzenam ine (1 6 .2  g, 0 .1(1), potassium s a l t  o f dicyano­
acetamide (16 g, 0 .11(1), _c-hydrochloric acid  (9 ml, 0.1(1 a p p ro x .) ,  
and water ( 1 0 0  ml) were heated under r e f lu x  f o r ■ 2 0  hours to g ive a p re c i ­
p i t a t e  o f the product (2 1 .5  g, 7 9$ ).  R e c ry s ta l l is a t io n  from 2 -methoxy-* 
ethano l gave the product (10 g, 3 7 $ ) ,  m.p. 228-30° (Found: C, 4 4 .1 ;
H, 2 .85 ; N, 2 0 .8 .  C I ^ C l ^ O  re q u ire s :  C, 4 4 .3 ;  H, 2 .95 ; N, 2 0 .6 5 $ ) .
S im i la r  re a c t io n s ,  using ap p ro p ria te  benzenamines,.' gave the fo l lo w in g  
compounds (y ie ld s  before  r e c r y s t a l l i s a t i o n ) ,  a f t e r  the heatin g  
times shown, which were r e c r y s t a l l is e d  from 2 -m ethoxyethanol, unless  
otherw ise s ta te d :
3 - Amino-3-( 3 , 4-dichlorophenylamino)-2-cyanopropenamide (8 2 $ ) ,  a f t e r  4 
hours. R e c r y s ta l l is a t io n  gave the product (1 9 $ ) ,  m.p. 215° (Found:
C, 4 4 .4 ;  H, 3 .35 ; INI, 20o35. C H g C l^ O  re q u ire s :  C, 4 4 .3 ;
■ -H, 2 .95 ; N, 2 0 .6 5 $ ) .  Heating am in o -(3 ,4 -d ich lo ro p h en y la m in o )-  
m e th y le n e p ro p a n ed in itr i le  in  2j1-sodium hydroxide fo r  4 hours gave the  • 
same product (6 5 $ ) ,  m.p. 215°.
3-Am ino-3-(3 ,5 -d ich lorophenylam ino)-2-cyanopropenam ide ( 8 6 $ ) ,  a f t e r  8
hours. R e c r y s ta l l is a t io n  from 2 -m ethoxyethanol/w ater gave the product
(5 6 $ ) ,  m.p. 233-4°  (Found: C, 4 4 .6 ;  H, 3 .05 ; N, 2 1 .0 .  C„nHoC lJ i , 0
1 U b 2  4
re q u ire s :  C, 4 4 .3 ;  H, 2 .95 ; l\I, 2 0 .6 5 $ ) .
3-Amino-3-(4-bromophenylamino)-2-cyanopropenamide, a f t e r  10 hours.  
R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the product (4 5 $ ) ,  
m.p. 203 -4 °  (Found: C, 4 2 .6 ;  H, 3 .1 ;  N, 19 .6 5 . C ^ H gBrl\l40 re q u ire s :
C, 4 2 .7 ;  H, 3 .25 ; N, 1 9 .9 5 $ ) .
3-Am ino-3-(2-chlorophenylam ino)-2-cyanopropenam ide (7 0 $ ) .  a f t e r  B hours. 
R e c r y s ta l l is a t io n  gave the product (3 3 $ ) ,  m.p. 212-3° (Found: C, 50 .75;
H, 3 .9 :  N, 2 3 .7 .  C1 QHgClN40 re q u ire s :  C, 50 .75 ; H, 3 .85 ; N, 2 3 .7 $ ) .
3 - Am ino-3-( 3-chlorophenylamino)-2-cyanopropenamide (81 $ ) , '  a f t e r  8  hours. 
R e c r y s ta l l is a t io n  from 2 -m ethoxyethanol/w ater gave the product (65%) ,  
m.p. 217-9°  (Found: C, 50 .85; H, 3 .65 ; l\l, 2 4 .0 5 .  C^HgClN^O re q u ire s :
C, 5 0 .75 ; H, 3 .85 ; N, 2 3 .7 $ ) ,  6  (dmso-d6 ) 9 .4 5 °  ( 1 H, s, NH), 7 . 6 °
(4H, s, l\!H2  + NH2 ) 7 .5 - 7 .0  (4H, m, ArH).
3-Ami n o -3 - ( 4-chlorophenylam ino)-2-cyanopropenam ide. a f t e r  8  hours. 
R e c ry s ta l l is a t io n  gave the product (5 2 $ ) ,  m.p. 218-9° (Found: C, 5 0 .55 ;
H, 4 .0 ;  N, 2 3 .6 .  C HgClN40 re q u ire s :  C, 50 .75 ; H, 3 .85 ; N, 2 3 .7 $ ) .
3 - Amino-3 - (4-fluorophenylam ino)-2-cyanopropenam ide (5 5 $ ) ,  a f t e r  8  hours. 
R e c r y s ta l l is a t io n  from 2 -m ethoxyethanol/w ater gave the product (3 4 $ ) ,  
m.p. 245 -6°  (Found: C, 54 .25; H, 4 .3 5 ;  N, 2 5 .0 5 .  C1 0 HgFI\!40 re q u ire s :
C, 54 .55 ; H, 4 .1 ;  N, 2 5 .4 5 $ ) .
3 -A m in o -3 -(4 -iodoph eny lam ino)-2 -cyanopropenami.de. a f t e r  8  hours. The 
black s o l id  was ex trac ted  w ith  e thanol and the e x tra c ts  were poured in to  
cold w ater. R e c ry s ta l l is a t io n  of th e - p r e c ip i t a t e  from 2 -p ro p an o l gave 
the product ( 6 $ ) ,  m.p. 215° decomp. (Found: C, 36 .25; H, 3 .0 ;  l\l, 1 6 .8 5 .  
C/j QHgIN40 re q u ire s :  C, 3 6 .6 ;  H, 2 .7 5 ;  N, 1 7 .0 5 $ ) .
3-Am ino-3-(3-n itrophenylam ino)-2-cyanopropenam ide (7 3 $ ) ,  a f t e r  1 2  hours. 
R e c r y s ta l l is a t io n  gave the product ( 2 1 $ ) ,  m.p. 233-5° (Found: C, 4 8 .3 5 ;
H, 3 .65 ; N, 2 8 .2 .  . C H g N g O - r e q u ir e s :  C, 4 8 .6 ;  H. 3 .65 ; N, 2 8 .3 5 $ ) .
3-Amino-3-phenylamino-2-cyanopropenamide ( 6 8 $ ) ,  a f t e r  20 hours ( a f t e r  
the f i r s t  7 hours, the i . r .  spectrum of the  grey p r e c ip i t a t e  showed i t  
to  be mainly the benzeneamine s a l t  o f d icyanoacetam ide). R e c r y s t a l l is a t io n  
gave the product (4 5 $ ) ,  m.p. 194-5° (Found: C, 5 9 .0 ;  H, 4 .8 5 ;  N, 2 7 .4 5 .  
^10^10^4° reclui res: 59 .4 ;  H, 5 .0 ;  l\I, 2 7 .7 $ ) ,
3 - Am ino-3-( 3 - trifluorom ethyIphenylam ino)-2 -cyanopropenam ide ( 6 6 $ ) ,  
m.p. 112-6° (Found: C, 48 .45 ; H, 3 .3 ;  N, 2 0 .5 .  HgF I^N^O re q u ire s :
C, 4 8 .9 ;  H, 3 .35 ; l\l, 2 0 .7 5 $ ) .  The product was not r e c r y s t a l l i s e d .
3 - A m i n o - 3 - ( 4 - b r o m o - 3 - m e t h y l p h e n y l a m i n o ) - 2 - c y a n o p r o p e n a m i d e , a f t e r  1 0
hours. R e c r y s ta l l is a t io n  from ethanol gave the product (3 2 $ ) ,  m.p.
193-4° (Found: C, 45 .05 ; H, 3 .95 ; N, 1 9 .4 .  C H BrN40 re q u ire s :  C, 4 4 .7 ;
H, 3 .8 ;  l\i, 1 9 .0 $ ) .  4 -B rom o-3-rnethy lan iline  fo r  th is  p re p ara tio n  was 
prepared in  a s im i la r  way to 4 -c h lo ro -3 -m e th y la n i l in e  (see below).
3-Am ino-3-(3 -ch lorc-2-m ethylphenylam ino)-2-cyanopropenam ide (7 3 $ ) ,  
a f t e r  10 hours. R e c ry s ta l l is a t io n  gave the product (4 4 $ ) ,  m.p. 2 05 -7 °
(Found: C, 52 .35; H, 4 .4 ;  l\!, 2 1 .9 5 .  C^H ^C IN ^O  re q u ire s :  C, 5 2 .7 ;
H, 4 ,4 ;  N, 2 2 .3 5 $ ) .
3-A m ino-3-(4-chloro-3-m ethylphenylam ino)-2-cyanopropenam ide (7 5 $ ) ,  
a f t e r  24 hours. R e c ry s ta l l is a t io n  gave the product (3 8 $ ) ,  m.p. 180 -81°  
(Found: C, 53 .0 ;  H, 4 .5 ;  N, 22 .6  -C H CIN^O' re q u ire s :  C, 5 2 .7 ;
H, 4 .4 ;  N, 2 2 .3 5 $ ) .
3-Am ino-2-cyano-3-(4-m ethyIphenylam ino)-propenam ide (4 4 $ ) ,  a f t e r  8  
hours. R e c r y s ta l l is a t io n  gave the product (2 6 $ ) ,  m.p. 197-8° (Found:
C, 61 .45; H, 5 .3 ;  N, 2 6 .4 .  1^12^4^ reclL,:i-r8s : 01 .1 ;  H, 5 .6 ;
N, 2 5 .9 $ ) .
3-Amino-3-(2-methoxyphenylamino)-2-cyanopropenamide (8 2 $ ) ,  a f t e r  10 
hours. R e c r y s ta l l is a t io n ,  fo llow ed by s o lu t io n  in  aqueous sodium 
hydroxide and r e p r e c ip i ta t io n  w ith  h yd ro ch lo r ic  ac id ,gave  the  product  
(4 5 $ ) ,  m.p. 181-2°  (Found: C, 57 .05; H, 5 .25 ; N, 24 .2 5 .  
re q u ire s :  C, 5 6 .9 ;  H, 5 .2 ;  l\l, 2 4 .1 5 $ ) .
3-Am ino-3-(2 ,5-d im ethylphenylam ino)-2-cyanopropenam ide (7 0 $ ) ,  a f t e r /
16 hours. R e c ry s ta l l is a t io n  gave the product (4 5 $ ) ,  m.p. 177 -9°  (Found:
C, 62 .55 ; H, 6 .2 ;  IM, 2 4 .1 .  C^H^IN^O re q u ire s :  C, 6 2 .6 ;  H, 6 .1 5 ;  N, 2 4 .3 5 $ ) ,
3~Am ino-3-( 2 -ethyIphenylam ino)-2-cyanopropenam ide (5 7 $ ) ,  a f t e r  8  
hours. R e c ry s ta l l is a t io n  gave the product (5 .2  g, 4 5 $ ) ,  m.p. 164 -5 °
(Found: C, 62 .3 ;  H, 6 .25 ; l\l, 2 4 .0 .  ^ 1 2 ^ 1 4 ^4 6 re q u ire s :  C, 6 2 .6 ;  H, 6 .1 5 ;
N, 2 4 .3 5 $ ) .
3 -A m in o -3 - ( l , 2 , 3 , 4 - te tra h y d ro -1 -q u in o l in y l) -2 -c y a n o p ro p e n a m id e , as an 
o i l  a f t e r  8  hours. T r i t u r a t io n  o f the o i l  w ith  e thanol gave a s o l id  .
(3 8 $ ) ,  which was r e c r y s t a l l is e d  to g ive the product (1 9 $ ) ,  m.p. 177 -8 °
(Found: C, 64 .65 ; H, 5 .9 ;  N, 23 .35 . C ^ H ^ I^ O  re q u ire s :  C, 64 .4 5 ;
H, 5 .8 ;  N, 2 3 .1 5 $ ) .
3 - A m i n o ~ 2 - c y a n o - 3 -  2 - ( 1- m e t h y l e t h y l ) - p h e n y l a m i n o 1 - p r o p e n a m i d e  ( 8 6 $ ) ,
a f t e r  5 hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the  
product (2 8 $ ) ,  m.p. 215-16° (Found: C, 63.65,* H, 6 . 8 ; N, 2 3 .0 .
C13^16W4° reciu i re s :  c > 63.9  ; H, 6 . 6 ; N, -2 2 .9 5 $ ) .
3 -Am ino-3-(2 ,5-d iethoxyphenylam ino)-2-cyanopropenam ide ( 8 8 $ ) ,  a f t e r  10
hours. R e c r y s ta l l is a t io n  from 2 -m ethoxyethanol/w ater gave the product
(6 0 $ ) ,  m.p. 183-4°  (Found: C, 58 .0 ;  H, 6 .3 ;  N, 1 9 .2 .  C H |\)/ 0 7  requ ires :
14 Id 4 o
C, 5 7 .9 ;  H, 6 .2 5 ;  N, 1 9 .3 $ ) .
Potassium 4 - f ( 1 , 3-diam ino-2-cyano-3-oxopropenyl)-am ino1-benzenesulphonatg  
hydrate
4-Aminobenzenesulphonic acid (1 7 .3  g, 0 .1M ), potassium s a l t  o f  dicyano­
acetamide (16 g, O .U F i) ,  and water (100 ml) were heated under r e f lu x  fo r  
8  hours. The s o lu t io n  was cooled to p r e c ip i t a t e  t h e 'product (6 9 $ ) ,  
m.p. 270° decomp. (Found: C, 34 .9 ;  H, 2 .7 ;  N, 1 6 .0 .  C^HgKN^O^S +  1 .25  H^O 
re q u ire s :  C, 3 5 .0 ;  H, 3 .3 ;  l\l, 1 6 .3 5 $ ) .  The water content was confirmed  
by thermal g ra v im e tr ic  a n a ly s is .
3 , 3-Diamino-2-cyano-(\l-methylproDenamides
3 -  Amino-3- (4-bromopheny lamino )-2-cyano-l\l-me thy lprop enamide
4-Bromobenzenamine ( 8 . 6  g, 0.Q5M), potassium s a l t  o f N-m ethyld icyano-  
acetamide (9 g, 0 .0 5 5 ^ ) ,  c_-hydrochloric ac id  (4 .5  ml, 0.051*1 a p p ro x .) ,  
and water (50 ml) were heated under r e f lu x  fo r  26 hours. T h e 'p r e c ip i t a t e  
( 1 2 . 6  g, 8 6 $ )  was r e c r y s ta l l is e d  from 2 -m ethoxyethanol/w ater to g ive
the product (10 g, 6 8 $ ) ,  m.p. 191-2° (Found: C, 4 5 .0 ;  H, 3 .8 ;  N, 1 8 .9 5 .  
^11^11^r ^4° leclu^r3s: 4 4 .75 ; H, 3 .7 5 ;  N, 1 9 .0 $ ) .
S im i la r  re a c t io n s ,  using the ap propria te  benzenamines, gave the fo l lo w in g  
compounds (y ie ld s  before  r e c r y s t a l l i s a t i o n ) ,  a f t e r  the times shown, 
which were r e c r y s t a l l is e d  from 2 -m ethoxyethano l/w ater, unless o therw ise  
s ta te d :
3 - A m t n o - 3 - ( 3 . ,  5 - d i c h l o r o p h e n y  l a m i n o  ) - 2 - c y a n o - [ \ l - m e  t h y  l p r o p  e n a m i d e  ( 8 2 $ )  ,
a f t e r  26 hours. R e c r y s ta l l is a t io n  from 2 -methoxyethanol gave the  
product (2 1 $ ) ,  m.p. 203-4°  (Found: C, 46 .75 ; H, 3 .6 ;  l\l, 19 .4 5 .
6 11^1Q6 'I'2^46  r9C,U^reS: 3 .55 ; N, 1 9 .6 5 $ ) .
3 - Amino-3-(3-chloropheny lamino )-2-cyano-t\I-me thy lpropenamide, a f t e r  4 
hours. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the product (3 6 $ ) ,  
m.p. 163-4°  (Found: C, 5 2 .4 ;  H, 4 .4 ;  N, 2 2 .4 5 .  C ^H^C IN ^O  re q u ire s :
C, 52 .7 ;  H, 4 .4 ;  l\l, 2 2 .3 5 $ ) .
3-Am ino-3-(4-chlorophenylam ino)-2-cyano-l\i-m ethy lprop enamide (8 0 $ ) ,  a f t e r  
26 hours. R e c r y s ta l l is a t io n  gave the product (5 7 $ ) ,  m.p. 185° (Found:
C, 5 3 .0 ;  H, 4 .5 5 ;  N, 2 2 .6 .  C H ■ C1I\L0 re q u ire s :  C, 52 .7 ;  H, 4 .4 ;  N, 2 2 .3
3 -A m ino-2 -cyano-3-(4-fluorophenylam ino)-N -m ethylpropenam ide, a f t e r  24 
hours. R e c r y s ta l l is a t io n  from 2-methoxyethanol gave the product (4 9 $ ) ,  
m.p. 185-7° (Found: C, 56 .05; H, 4 .5 5 ;  INI, 2 4 .1 5 .  C^H^FN^O re q u ire s :
C, 5 6 .4 ;  H, 4 .7 5 ;  N, 2 3 .9 $ ) .
3 - Amino-3 - ( 4-iodopheny lamino )-2-cyano-l\l-methy lprop enamide, as a black  
t a r  a f t e r  14 hours. The t a r  was washed w ith  hot ethanol to leave  the
product ( 2 0 $ ) ,  m.p. 201 -3 °  (Found: C, 38 .55 ; H, 3 .45 ; N, 1 6 .6 .  C H ^IN^O
re q u ire s :  C, 3 8 .6 ;  H, 3 .25 ; l\l, 1 6 .4 $ ) ,
3-Am ino-3-( 3 - n i t  ropheny lamino )-2-cyano-l\l-methy lprop enamide, a f t e r  20 
hours. Washing w ith  e th an o l,  to  remove unreacted n itrobenzenam ine,  
l e f t  the product (6 4 $ ) ,  m.p. 260° (Found: C, 5 0 .4 ;  H, 4 .3 ;  N, 2 6 .9 .
C11H11N5D3 rsclu i re s :  c » 50 .55; H, 4 .2 5 ;  N, 2 6 .8 $ ) .
3 -  Amino-3- ( 4 -n i  t  ropheny lamino )-2-cyano-l\l-methy lprop enamide, s t i l l  con­
ta in in g  much 4-n itrobenzenam ine a f t e r  40 hours. The s o l id  was washed 
w e ll  w ith  ethanol and r e c r y s ta l l is e d  from 2 -methoxyethanol to  g ive  the  
product (1 7 $ ) ,  m.p. 214 -5°  (Found: C, 50 .95; H, 4 .1 5 ;  N, 2 6 .6 5 .
C H N5 O3  re q u ire s :  C, 50 .55; H, 4 .2 5 ;  N, 2 6 .8 $ ) .
3-Amino-3-phenylamino-2-cyano-l\l-me thy lprop enamide, as an o i l  a f t e r  20 
hours. T r i t u r a t io n  w ith  ethanol gave a s o l id  which was r e c r y s t a l l i s e d  
to  g ive the product (2 1 $ ) ,  m.p. 99-100° (Found: C, 6 1 .5 ;  H, 5 .6 ;  N, 2 6 .2 .
C1 1  H i 2 * ^ 4 0  re q u ire s :  C, 6 1 .1 ;  H, 5 .6 ;  N, 2 5 .9 $ ) .
3-Am ino-2-cya n o -3 - ( 4-bromo-3-methyIphenylamino) —M—methylpropenamide, 
a f t e r  24 hours. R e c ry s ta l l is a t io n  from 2-propanol gave t h e . product
( 4 . 3  g ,  2 8 $ ) ,  m . p .  1 8 3 - 5 °  ( F o u n d :  C,  4 5 . 8 5 ;  H ,  4 . 2 5 ;  N ,  1 8 . 0 .
C ^ H ^ B r N ^ O  r e q u i r e s :  C ,  4 6 . 6 ;  H ,  4 . 2 5 ;  N ,  1 8 . 1 5 $ ) .
3 -  Amino-3- ( 3-met hy Ipheny lamino )-2-cyano-l\l-methy lprop enamide (5 2 $ ) ,  
m.p. 7 5 -7 °  (Found: C, 6 2 .5 ;  H, 6 .45 ; N, 2 4 .4 .  ^2^14^4^ r'ec:1lJi res :
C, 62 .5 ;  H, 6 .1 5 ;  N, 2 4 .3 5 $ ) ,  a f t e r  38 hours. (The product was 
washed w ith  e th a n o l,  but not r e c r y s t a l l i s e d ) .
3-Amino-3-(4-m ethylphenvlam ino)-2-cyano-l\l-m ethy lprop enamide, as a t a r  
a f t e r  20 hours. R e c ry s ta l l is a t io n  gave the product (5 0 $ ) ,  m.p. 9 1 -3 °  
(Found: C, 6 2 .4 ;  H, 6 .0 ;  N, 24 .1 5 . C H ^N^O req u ires : C, 6 2 .6 ;
H, 6 .1 5 ;  N, 2 4 .3 5 $ ) .
3-Amino-2-cyano-3-(4-methoxyphenylamino)-l\!-methylpropenamide (5 8 $ ) .  
R e c r y s ta l l is a t io n  from butanol gave the product (4 0 $ ) ,  m.p. 185 -8°
(Found: C, 5 8 .4 ;  H, 5 .8 ;  N, 2 2 .5 .  ^ 2 ^ 1 4 ^4 6 2  re,:lui res: C, 58 .5 5 ; H, 5 .7 ;
N, 2 2 .7 5 $ ) .
3 - Amino-3-( 2 -e thylphenylam ino)-2 -cyano-N -m ethylpropenam ide, as an o i l  
a f t e r  20 hours. T r i t u r a t io n  w ith  ethanol gave a s o l id  which was 
r e c r y s ta l l is e d  to give the product (4 1 $ ) ,  m.p. 99-104° (Found: C, 6 4 .3 ;
H, 6 .7 5 ;  N, 2 2 .7 5 .  c 1 3 H1 6 N40 re q u ire s :  C, 6 4 .0 ;  H, 6 . 6 ; N, 2 2 .9 5 $ ) .
Potassium 4 -(1 -am ino-3 -m ethylam ino-2-cyano-3-oxopropenylam ino)-benzene-  
sulphonate d ihydra te
4-Aminobenzenesulphonic acid  (8 .7  g, 0.05l*l), potassium s a l t  o f N -m eth y l-  
dicyanoacetamide (9 g, 0.0551*1), and water (50 ml) were heated under r e f lu x  
fo r  40 hours. The s o lu t io n  was cooled to p r e c ip i t a t e  the product (7.'5 g, 
4 1 $ ) ,  m.p. 200° decomp. (Found: C, 3 5 .5 ;  H, 4 .0 ;  N, 14 .75 . 21^0
re q u ire s :  C, 35 .7 ;  H, 4 .0 5 ;  N, 1 5 .1 5 $ ) .  The water content was confirmed  
by therm al g ra v im e tr ic  a n a ly s is .
3 - Amino-3-( 3-chloropheny lamino )-2-cyano-l\l-e  thy lprop enamide 
3-Chlorobenzenamine ( 6  g, 0.037l*l), potassium s a l t  o f N -e th y ld ic y a n o -  
acetamide (7 g, 0.043I*)), jc -hydroch loric  acid  (3 .4  ml, 0.0371*1 a p p ro x . ) ,  
and water (40 ml) were heated under r e f lu x  fo r  12 hours. The p r e c i p i t a t e  
was r e c r y s t a l l i s e d  from ethanol to give the product (2 .3  g, 2 4 $ ) ,  m.p. 1 31 -3°  
(Found: C, 5 4 .3 ;  H, 4 .7 5 ;  l\l, 21 .45 . C^H^CIIN^O re q u ire s :  C, 54..45;
H, 4 .9 ;  N, 211.15$).
3 - A m i n o - 3 - p h e n y l a m i n o - 2 - c y a n a - I M , N - d i m e t h y l p r o p e n a m i d e : s e e  p a g e  9 4 .
3 , 3-Uiamino-2-cy.ano-l\l-phenylpropenamides 
3-Am ino-3-(3 ,4-d ichlorophenylam ino)-2-cyano-l\ l-phenylpropenam ide
3,4-D ichlorobenzenam ine ( 8 . 1  g, 0.051^), N-phenyidicyanoacetemide c o n ta in in g  
20$ o f i t s  t r ie th y la m in e  s a l t  (1 0 .25  g of m ix tu re ,  e q u iva len t to 0.05M 
o f  the a c id ) ,  ^ -h y d ro c h lo r ic  acid  ( 1  ml, 0 . 0 1 M approx., to n e u t r a l is e  the  
t r ie th y la m in e ) ,  and water (50 ml) were heated under r e f lu x  fo r  4 hours.
The p r e c ip i t a t e  (7 .4  g, 46$) was r e c r y s t a l l is e d  from 2-methoxyethanol to  
give the product ( 7 .4  g, 4 6 $ ) ,  m.p. 208-10° (Found: C, 5 5 .2 ;  H ,3 .4 5 ;
N, 1 6 .5 .  C CH„-C l.N .O  re q u ire s :  C, 55 .35 ; H, 3 .5 ;  l\i, 1 6 .1 5 $ ) .
I d  1 z  2  h
S im ila r  re a c t io n s ,  using the a p p ro p ria te  benzenamines, gave the  
fo l lo w in g  compounds (y ie ld s  before  r e c r y s t a l l i s a t i o n ) ,  a f t e r  the h e a t in g  
times shown, which were r e c r y s t a l l is e d  from 2 -m ethoxyethanol, unless  
otherwise s ta ted :
3-Amino-3-(4-bromoohenylamino)-2-cyano-N-phenvlpropenamide (8 2 $ ) ,  a f t e r  
40 hours. (Reaction was not complete a f t e r  16 hours). R e c r y s t a l l is a t io n  
gave the product (5 5 $ ) ,  m.p. 185-7° (Found: C, 5 3 .8 ;  H, 3 .8 ;  N, 1 5 .8 .  
SejH^BrN^O reclu;i-res; 5 3 .8 ;  H, 3 .65 ; N, 1 5 .7 $ ) .
3 - Am ino-3-(3-chlorophenylam ino)-2-cyano-l\l-phenylpropenam ide. a f t e r  16 
hours. R e c r y s ta l l is a t io n  gave the product (4 5 $ ) ,  m.p. 135-6° (Found:
C, 6 1 .3 ;  H, 4 .3 5 ;  N, 1 8 .2 .  C^H ^C IN ^O  re q u ire s :  C, 61 .45 ; H, 4 .2 ;
N, 1 7 .9 $ ) ,  6  (dmso-d6 ) 8 .7 °  (s ,  IMhi), 7 .6 - 7 .0  (m, ArH + l\IH + l\IH2 ) .
3-Amino-3-(4-chlorophenylam ino)-2-cyano-l\l-phenylpropenam ide (8 0 $ ) ,  a f t e r  
2 0  hours. R e c ry s ta l l is a t io n -  gave the product (5 1 $ ) ,  m.p. 194° (Found:
C, 61 .65 ; H, 4 .3 ;  l\l, 1 7 .7 .  C ^H^C IN ^O  re q u ire s :  C, 61 .45; H, 4 .2 ;
N, 1 7 .9 $ ) .
3 - Amino-3-(4-fluoropheny.lam ino)-2-cyano-l\l-phenylpropenam ide, a f t e r  8  
hours. The s o l id  was washed w ith  ethanol to give the product (3 1 $ ) ,  
m.p. 174-6° (Found: C, 6 5 .2 ;  H, 4 .6 ;  N, 1 9 .3 .  ^'16^13^4^ re q u ire s :
C, 64 .85; H, 4 .4 ;  N, 1 8 .9 $ ) .
3-Am ino-3-(3-n itrophenylam ino)-2-cyano-l\ l-phenylpropenam ide (5 5 $ ) ,  a f t e r  
48 hours. I t  was washed w ith  ethanol *and r e c r y s t a l l is e d  from 2-methoxy- 
e th a n o l/w a te r  to  give the product (4 7 $ ) ,  m.p, 168-70° (Found: C, 5 9 .2 ;
H, 4 .2 ;  N, 2 1 .3 .  C,_H J\LQ 'req u ires : ■ C, 59 .45; H, 4 .0 5 ;  N, 2 1 .6 5 $ ) .
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3-Am ino-3-(4 -n itrophenylam ino)-2 -cyano-l\ l-phenylpropenam ide, s t i l l  con­
ta in in g  much 4-n itrobenzenam ine a f t e r  40 hours. I t  was washed w ith  e thano l  
and r e c r y s t a l l i s e d  to give the product (1 7 $ ) ,  m.p. 214-5° (Found: C ,.59 .6 5 ;  
H, 4 .15 ; N, 2 1 .7 .  C H 'gNgO'g re q u ire s :  C, 59 .45: H, 4 .0 5 ;  N, 2 1 .6 5 $ ) .
3-Amino-3-phenylamino-2-cyano-i\l-phenylprooenamide. a f t e r  20 hours. 
R e c r y s ta l l is a t io n  from ethanol gave the product (3 7 $ ) ,  m.p. 164° (Found:
C, 5 5 .2 ;  H, 3 .4 5 ;  N, 1 6 .5 .  C ^ ^ ^ l^ IM ^ O  re q u ire s :  C, 55 .35 ; H, 3 .5 ;
N, 1 6 .1 5 $ ) .
3 -Arnino-3-( 3-m ethylphenylamino)-2-cyano-M-phenylpropenamide, as a t a r  
a f t e r  20 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (4 5 $ ) ,  
m.p. 139-41° (Found: C, 69 .65; H, 5 .5 ;  N, 1 9 .0 .  C ^H^N ^O  re q u ire s :
C, 69 .85 ; H, 5 .5 ;  N, 1 9 .1 5 $ ) .
3-Amino-2-cyano-3-(4-methoxyphenylamino)-l\l-phenylpropenamide (8 0 $ ) ,  
a f t e r  16 hours. Washing w ith  d i lu t e  hydroch lo r ic  acid  and water gave 
the product (7 2 $ ) ,  m.p. 196-200° decomp, ( ra p id  h e a t in g ) .  (Found:
C, 6 6 .4 ;  H, 4 .8 5 ;  N, 1 7 .95 . C- re q u ire s :  C, 6 6 .2 ;  H, 5 .2 5 ;
N, 1 8 .1 5 $ ) .
3 - Am ino-3-(2-ethylphenylam ino)-2-cyanopropenam id8, a f t e r  20 hours. 
R e c r y s ta l l is a t io n  oave the product (4 8 $ ) ,  m.p. 138-40° (Found: C, 7 0 .5 ;
H, 5 .8 ;  N, 1 8 .2 .  C„QH ^ , 0  re q u ire s :  C, 70 .55 ; H, 5 .9 ;  i\i, 1 8 .3 $ ) .
1b Id  4 '
E th y l 3 ,3-D iam ino-2-cyanopropenoates 
E th y l 3 -a m in o -2 -c y a n o -3 - ( 1 -p ip e r id in y l ) -p r o p e n o a te , 6 6  
The p ip e r id in e  s a l t  o f e th y l  d icyanoacetate  (7 .5  g, 0.0331^) was heated  
under r e f lu x  in  p ip e r id in e  ( 2 0  ml) fo r  24 hours. The s o lu t io n  was 
poured in to  a m ixture  of ic e  (70 g) and c^-hydrochloric ac id  (25 m l)  
and the p r e c ip i t a t e  was r e c r y s ta l l is e d  from ethano l to g ive  the product
( 1 . 8  g ,  25%) ,  m . p .  1 0 4 - 6 °  ( F o u n d :  C ,  5 9 . 0 ;  H ,  8 . 0 ;  N ,  1 9 . 1 .  C 1 1 H1 7 N3 ° 2
r e q u i r e s :  C ,  5 9 . 1 5 ;  H ,  7 . 8 ;  N ,  1 8 . 8 $ ) *
Et-hyl 3 -a m in o -3 - (3 , 4-d ich lorophenylam ino)-2-cyanopropenoate
3,4-D ichlorobenzenam ine (1 6 .2  g, 0 .1 H ) ,  potassium s a l t  o f e th y l  d icyan o -  
ace ta te  (1 9 .4  g, 0.11F1), c -h yd ro ch lo r ic  acid (9 ml, O.IM a p p ro x .) ,  
and water (100 ml) were heated under r e f lu x  fo r  6  hours. The p r e c ip i t a t e  
(27 g, 90$) was r e c r y s t a l l is e d  from ethano l to  give the product (21 .1  g, 
7 0 $ ) ,  m.p. 155 -6°  (Found: C, 4 7 .65 ; H, 3 .4 ;  i\l, 14 .35 . C12H11C12N3°2  
re q u ire s :  C, 4 8 .0 ;  H, 3 .7 ;  N, 1 4 .0 $ ) .
S im i la r  re a c t io n s ,  using ap p ro p ria te  benzenamines, gave the fo l lo w in g  
compounds (y ie ld s  before  r e c r y s t a l l i s a t i o n ) ,  a f t e r  the heating  tim es  
shown, which were not r e c r y s t a l l i s e d ,  unless otherw ise s ta ted :
E th y l 3-amino-5-(4-brofTiophenylamino)-2-cyanoproDenoats (4 5 $ ) ,  m.p. 208 -9 °  
(Found: C, 46 .5 ; H, 3 .75 ; N, 1 3 .1 .  C'|2^12^r *'S^2 rec1u^res: 4 6 -45 ;
H, 3 .9 ;  l\l, 1 3 .5 5 $ ) ,  a f t e r  16 hours. (The product was washed w ith  e th an o l  
but was not r e c r y s t a l l i s e d ) .
E th y l 3 -am ino-3-(3 -ch loropheny lam ino)-2 -cyanopropenoate , a f t e r  5 hours.  
R e c r y s ta l l is a t io n  from ethanol gave the product (4 8 $ ) ,  m.p. 135-7°
(Found: C, 53 .85; H, 4 .6 ;  N, 15 .55 . ^•]2^12C',‘^3^2 reclLJ^ res: c » 5 4 .2 5 ;
H, 4 .5 5 ;  N 1 5 .8 $ ) .
E th v l 3 -am ino-3-(4 -f luoropheny lam ino)-2 -cyanopropenoate  (3 0 $ ) ,  m.p. 166-8  
(Found: C, 57 .55; H, 4 .6 ;  N, 1 7 .0 .  C H FI\I_0 re q u ire s :  C, 5 7 .8 ;I Z I J Z
H, 4 .8 5 ;  N, 16 .85$ ),  a f t e r  8  hours.
E th y l 3 -am ino-3-(3 -n itropheny lam ino)-2 -cyanoprop enoate  (6 9 $ ) ,  a f t e r  48 
hours. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the product (2 6 $ ) ,  
m.p. 160° (Found: C, 5 1 .8 ;  H, 4 .1 ; .  N, 2 0 .3 .  C^2*^12^4°4 reclu^rBs:
C, 5 2 .15 ; H, 4 .4 ;  l\l, 2 0 .3 $ ) .
E th y l 3 -am in o -3 -(4 -n itro p h en y lam in u )-2 -cyan o p ro p en o a te , s t i l l  c o n ta in in g  
much 4-n itrobenzenam ine a f t e r  48 hours. R e c r y s ta l l is a t io n  from 2 -methoxy  
ethanol gave the product (1 7 $ ) ,  m.p. 187-8° (Found: C, 5 2 .2 ;  H, 4 .6 ;
N, 1 9 .7 5 .  c 1 2 h1 2 N4 04  re q u ire s :  C, 52 .15; H, 4 .4 ;  N, 2 0 .3 $ ) .
(Found: C, 61 .95; H, 5 .6 ;  N, 1 8 .1 .  ’^/)2^13^3^2 recllJ^ res: 6 2 .3 ;
H, 5 .65 ; N, 1 8 .1 5 $ ) ,  6 (dmso-d6 ) 9 .6 e - ( l H ,  s, NH), 7 .6 B (2H, b, NHg),
7 .5 - 7 .2 5  (5H, m, ArH), 4 .1 (2H. q, CH ) ,  1 .2  (3H, t ,  CHg), a f t e r  
20 hours. I
Ethy l 3 -am ino-2-cvano-3-(4 -brorno-3-m ethylphenylam ino)-propenoate , a f t e r  
24 hours. R e c r y s ta l l is a t io n  from ethanol gave the product (7 .5  g, 4 6 $ ) ,  
m.p. 157-8° (Found: C, 48 .05 ; H, 4 .3 5 ;  N, 1 3 .1 .  C^H-^BrNgOg re q u ire s :
C, 4 8 . 1 5 ;  H, 4 . 3 5 ;  N, 1 2 . 9 5 $ ) .
E th y l 3 -am ino-3-(3-m ethylphenylam ino)-2-cyanopropenoate  (7 6 $ ) ,  m.p. 121-3
(Found: C, 6 3 . 2 5 ;  H, 6 . 1 5 ;  l\l, 1 6 . 85 .  C r-l\L0o re q u ire s :  C, 6 3 . 6 5 ;
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H, 6 .1 5 ;  N, 1 7 .1 5 $ ) ,  a f t e r  20 hours.
E th y l 3-am ino-(4-m ethylphenylam ino)-2-cyanopropenoate  (5 3 $ ) ,  m.p. 143 -5 °  
(Found: C, 6 3 .4 ;  H, 6 .0 ;  N, 1 7 .3 .  -^1 3 ^-1 5 ^3 ^ 2  re(:l!Ji res: 6, 63 .65 ; H, 6 .1 5
N, 1 7 .1 5 $ ) ,  a f t e r  20 hours.
E th y l 3-am ino-3-(2-m ethoxyphenylam ino)-2-cyanopropenoate , a f t e r  20 hours.
R e c r y s ta l l is a t io n  from ethanol gave the product (1 1 $ ) ,  m.p. 201 -2°
(Foundr C, 59 .55; H, 5 .6 ;  l\l, 15 .85 . C CN„0_ re q u ire s :  C, 59 .75 ;
1 o lb  o b
H, 5 .8 ;  N, 1 6 .1 $ ) .
E th y l 3-am ino-2-cyano-3-(4-m ethoxyphenylam ino)-propenoate  (3 1 $ ) ,  
m.p. 174-6° (Found: C, 5 9 .7 ;  H, 5 .9 ;  l\l, 1 6 .1 .  re q u ire s :
C, 59 .75; H, 5 .8 ;  N, 1 6 .1 $ ) ,  a f t e r  24 hours.
E th y l 3 -am ino-2 -cyano-3 -(2 -e thy lphen y lam ino)-p ropenoate  (8 6 $ ) ,  m.p.
129-32° (Found: C, 64 .45; H, 6 .5 5 ;  N, 15 .95 . re q u ire s :
C, 64 .85 ; H, 6 .6 ;  N, 1 6 .2 $ ) ,  a f t e r  26 hours.
Potassium 4~( 1-am ino-2-cyano-3-oxo-3-ethoxypropenylam ino)-benzene-  
sulphonate hemihydrate
4-Aminobenzenesulphonic acid  (8 .7  g, 0 .05M ), potassium s a l t  o f e th y l  
dicyanoacetdte  (9 g, 0.051lvl ) ,  and water (50 ml) were heated under 
r e f lu x  fo r  36 hours. The s o lu t io n  was evaporated to dryness and the  
residue was r e c r y s t a l l is e d  from a small amount of water to g ive the  
product ( 6  g, 3 4$ ),  m.p. 260° decomp. (Found: C, 4 0 .1 ;  H, 3 .4 5 ;  l\l, 1 1 . 8 .
C gHuKNgOgS.-Ji^O re q u ire s :  C, 4 0 .2 ;  H, 3 .65 ; l\l, 1 1 .7 $ ) .  The water  
content was confirmed by thermal g ra v im e tr ic  a n a ly s is .
Reaction of 2-Aminobenzoic Acid w ith  Potassium S a lt  o f E th y l D icyanoacetate
1) 2-LAminobenzoic acid  (6 .9  g, 0.05lvl ) ,  potassium s a l t  o f e th y l  dicyano­
a ce ta te  (9 g, 0 .051M ), jc -hyd ro ch loric  acid  (4 05 ml, O.OSfl approx.)*  
and water (50 ml) were heated under r e f lu x  fo r  24 hours to g ive  a 
p r e c ip i t a t e  o f 2 -(1 -am in o -2 -cyan o -3 -o xo -3 -e th o xyp ro p en y lam in o )-  
benzoic acid  ( 6 . 1  g, 7 0 $ ) ,  m.p. 220-22° (Found: C, 5 6 .6 ;  H, 4 .5 ;
N, 15 .7 5 . re q u ire s :  C, 56 .7 ;  H, 4 .7 5 ;  N, 1 5 .2 5 /0 .
2) 2 -( l-am in o -2 -cyan o -3 -o xo -3 -e th o xyp ro p en y lam in o )-b e n zo ic  acid  
(7 .8  g, 0 .02810 , prepared as in  ( l ) ,  was heated under r e f lu x  in  
1 M_-sodium hydroxide (70 ml) fo r  8  hours. The s o lu t io n  was cooled  
and n e u tra l is e d  w ith  hydroch lo r ic  acid  to give a p r e c ip i t a t e  which 
was r e c r y s t a l l is e d  from 80:20 e th an o l:w ater  to  give 2 - ( 1 -c y a n o - 2 -  
0 X 0 - 2 - ethoxyethy.Hd.ane ) - 2 ,.3-di h v d ro -4 (1 H )-au in azo lin o n e  (2 .4  g, 3 3 $ ) ,  
m.p. 230-32° (Found: C, 60 .75; H, 4 .8 ;  !\l, 15 .85 .
re q u ire s :  C, 60o7; H, 4 .3 ;  l\l, 1 6 .3 5 $ ) .
E th y l 3 - amino-3-(l\l-methy 1 - 3 , 4 -d ich loropheny lam ino)-2 -cyanopropenoate , 77 
E th y l 3 -am in o -2 -cyan o -3 -(3 ,4 -d ich lo ro p h en y lam in o )-p ro p en o ate  (1 4 .3  g,
□ •048n) ,  iodomethane (16 ml, 14 g, O . IM ),  potassium carbonate, anhyd.
(7 .5  g, 0.54M), and acotone (100 ml) were heated under r e f lu x ,  w ith  
s t i r r i n g ,  fo r  14 hours. The m ixture  was cooled and f i l t e r e d ,  and the  
f i l t r a t e  was evaporated to dryness. The res idue  was r e c r y s t a l l i s e d  from 
ethanol to give the product (2 g, 1 3$ ) ,  m.p. 198-9° (Found: C, 4 9 .9 5 ;
H, 3 .95 ; N, 13 .25 . re q u ire s :  C, 4 9 .7 ;  H, 4 .1 5 ;  N, 1 3 .4 $ ) ,
6  (dmso-d6 ) 8 .5 s ( 2 H, b, l\IH2 ) , 7 .6  and 7 .2  (3H, m, aromatic H ) ,  4 .0 6  
(2H, q, C H j ,  3 .32  (3H, s, NMe), 1.18 (3H, t ,  e th y l  CHr- ) .
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E th y l 3 -am ino~3-(3-n itrophenylam ino)~2-cyanopropenoate  (78 ) was prepared  
s im i la r ly .  R e c ry s ta l l is a t io n  from ethanol gave the product (3 8 $ ) ,  
m.p. 166-8° (Found: C, 53 .55; H, 5 .05 ; N, 1 9 .6 .  25^ 1 reclu^res:
C, 53.8: H, /4 .9 ;  N, 1 9 .3 $ ) .
Phenyl 3~anTino-3-phenylamino-2-cyanopropenoate, 70: see pages 94^5’.
5 -E th y l  3 , 3 -D iam ino-2-cyanopropenethioates  
S -E th y l 3~am ino-3 -(3 ,4 -d ich lo rop heny lam ino)-2 -cyanopropeneth ioate
3,4-Dichlorobenzenam ine (5 .4  g, 0.033!^), potassium s a l t  o f JB-ethyl 
dicyanoethaneth ioate  (7 g, 0 .036M ), c^-hydrochloric acid (3  ml, 0.0331^ 
a p p ro x .) .  and water (35 ml) were heated under r e f lu x  fo r  20 hours.
The o i l  which separated was t r i t u r a t e d  w ith  2 -p ropanol to g ive the  product 
( 6 . 8  g, 6 3 $ ) ,  m.p. 142-5° (Found: C, 4 5 .8 ;  H, 3 .4 ;  N, 13 .2 5 . C 1 C1 2 N3 ° S 
re q u ire s :  C, 4 5 .6 ;  N, 3 .5 ;  N, 1 3 .3 $ ) .
S im ila r  re a c t io n s ,  using the ap p ro p ria te  benzenamines, gave the fo l lo w in g  
compounds, a f t e r  the times shown, which u s u a lly  s o l id i f i e d  when the  
re a c t io n  m ixtures were cooled:
S -E th y l 3 -am ino-3-(4 -brom ophenylam ino)-2 -cyanopropeneth ioate , a f t e r  5 
hours. R e c r y s ta l l is a t io n  from 2-propanol gave the product ( 6 6 $ ) ,  
m.p. 154-6° (Found: C, 4 4 .2 ;  H, 3 .9 ;  l\l, 1 2 .9 .  C^H^BrN^OS re q u ire s :
C, 4 4 .2 ;  H, 3 .7 ;  N, 1 2 .9 $ ) .
S -E th y l 3 -am ino-3-(5 -ch lo rop heny lam ino)-2 -cvanopropeneth ioate  (8 0 $ ) ,  
m.p. 107-16° decomp. (Found: C, 51 .2 ;  H, 4 .0 ;  l\I, 14 .85 . 2 H^^lN^OS
re q u ire s :  C, 51 .15; H, 4 .3 ;  N, 1 4 .9 $ ) ,  6  (dmso-d^) 9 .8 5 °  (1H, o, NH),
8 .0 °  (2H, s, NH ) ,  7 .5 -7 .1  (4H, m, ArH), 2 .8  and 1 .2  (5 H, E t ) ,  a f t e r  
6  hours. (The product was not r e c r y s t a l l i s e d ) .
S -E th y l 3 -am ino-3-(4 -ch loropheny lam ino)-2 -cyanopropeneth .ioa te , a f t e r  6  
hours. R e c r y s ta l l is a t io n  from 2-propanol gave the product (5 1 $ ) ,  m.p. 
145-7° (Found: C, 5 0 .9 ;  H, 4 .2 5 ;  N, 14 .8 5 . C 2H ClNgOS re q u ire s :
C, 51 .15; H, 4 .3 ;  N, 1 4 .9 $ ) .
S -E th y l 3 -am ino-3~(4-lodopheny lam ino)-2 -cvanopropeneth ioatp . as an o i l  
a f t e r  20 hours. T r i t u r a t io n  w ith  ethanol gave the product (1 9 $ ) ,  m.p. 
210-15° (Found: C, 38 .45; H, 3 .15 ; N, 1 1 .4 .  C H ^ IN jO S  re q u ire s :
C, 38 .6 ;  H, 3 .2 5 ;  N, 1 1 .2 5 $ ) .
S -E th y l 3 -a m in o -3 - (3 -n itro p h e n y la m in o )-2 -c y an o p ro p en e th io a te , a f t e r
48 hours. R e c ry s ta l l is a t io n  from ethanol gave the p r o d u c t  (25%),  
m.p. 177-80° (Found: C, 4 9 . 6 ; H, 4 .1 ;  N, 1 9 .2 .  C H M 0 S re q u ire s :IZ ! Z H j
C, 4 9 .3 ;  H , /4 .1 5 ;  N, 1 9 .2 $ ) .
S -E th y l 3 -^m in6-3-phenylam ino-2-cyanopropeneth ioate . a f t e r  30 hours. 
R e c r y s ta l l is a t io n  from ethanol gave the product (3 7 $ ) ,  m.p. 128-9°
(Found: C, 58 .55; H, 5 .35 ; N, 16 .65 . C .H LO S re q u ire s :  C, 5 8 .3 ;^ IZ ! J J
H, 5 .3 ;  N, 1 7 .0 $ ) ,  6  (dmso-d ) 9 .9 °  ( 1 H, b, NH), 7 .9 °  ( 2 H, b, NH ) ,
7 .5 -7 .2 5  (5H, m, ArH), 2 . 8  and 1 .2  (5H, q and t ,  E t)„
S -E th y l 3 -am ino-3-(3 -m ethylpheny lam ino)-2 -cyanopropen eth ioa te , as a t a r  
a f t e r  24 hours. T r i t u r a t io n  w ith  ethanol gave the product (32% ) ,  
m.p. 120-22° (Founds C, 60 .05; H, 5 .58 ; N, 16 .2 5 . C H N 05 re q u ire s ;
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C, 59 .75 ; H, 5 .8 ;  N, 1 6 .1 $ ) .
S -E th y l 3 -am ino-3 - (4 -m ethylphenv iam ino)-2 -cyanopropeneth ioate , as an
o i l  a f t e r  48 hours. T r i t u r a t io n  w ith  ethanol gave the product (5 6 $ ) ,
m.p. 118-20° (Found: C, 5 9 .5 ;  H, 6 .0 ;  N, 16 .4 5 .  C/1 _H.irN_0S re q u ire s :13 16 3
C, 59 .75; H, 5 .8 ;  N 1 6 .1 $ ) .
S -E th y l 3 -am ino-3-(2 -m ethoxyphenylam ino)-2-cyanopropeneth ioate , a f t e r
48 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (4 5 $ ) ,
m.p. 153-5°  (Found: C, 5 6 .0 ;  H, 5 .2 5 ;  N, 1 5 .1 5 .  C„ „H„,_N„0oS re q u ire s :13 16 3 Z
C, 5 6 .3 ;  H, 5 .4 ;  N, 1 5 .1 5 $ ) .
S -E thy l '3 -am ino-3 -(4 -rnethoxyphenylam ino)-2 -cyanoprop eneth ioate , a f t e r
36 hours. R e c r y s ta l l is a t io n  from ethanol gave the product (5 1 $ ) ,  m.p.
160-63° (Found: C, 5 5 .9 ;  H, 5 .0 5 ;  N, 1 5 .4 .  C „H.^N^O.S re q u ire s :13 16 3 Z
C, 5 6 .3 ;  H, 5 .4  ; N, 1 5 .1 5 $ ) .
Reaction o f 1 . 2-Benzenediamine w ith  the Potassium S a l t  o f S -E th y l  
Dicyanopropanethioate
1 , 2-Benzenediamine (7 .2  g, 0.067lvl ) ,  potassium s a l t  o f !S-ethyl dicyano­
propaneth ioate  (1 2 .8  g, 0.067lvl ) ,  ^ -h y d ro c h lo r ic  acid  ( 6  ml, 0.067(vl approx.  
and water (50 ml) were heated under r e f lu x  fo r  24 hours. The t a r  which 
separated was t r i t u r a t e d 'w i t h  ethanol to  g ive S -e th y l  3 -a m in o -3 - (2 -
aminophenylamincQ-propenethioate, 80 (7 g, 40/S), m.p. 135-7° (Fpund:
C, 55 .15; H, 5 .7 ; .  N, 2 1 .0 .  C ^ H ^ r^ O S  re q u ire s :  C, 54 .95; H, 5 .4 ;
N, 2 1 .35%).
I
3 -A m in o -2 ~ c ya n o -3 ~ (3 ,4 -d ic h lo ro p h e n y lim in o )-2 -h y d ro x y im in o p ro p a n o n itr i le ,
3 ,4-D ichlerobenzenam ine (16 g, 0 . 1 M), sodium s a l t  o f hydroxyiminopro- 
p a n e d in i t r i l e  ( 1 2  g, 0 . 1 M), water ( 1 0 0  m l),an d  j> -hydroch loric  ac id  ( 1 0  ml, 
0 . 1  IN a p p ro x .) ,  were heated under r e f lu x  fo r  2  hours. The black t a r  
which separated was washed w ith  water and then t r i t u r a t e d  w ith  e thano l  
to  give a s o l id  which was r e c r y s ta l l is e d  from e th an o l/w a te r  to g ive  the  
broduct (5 .8  g, 23/S), m.p. 215-5°  deccmp. (Found: C, 4 2 .4 ;  H, 2 .4 5 ;
N, 2 2 ,0 .  CgH6 C l 2 N40 re q u ire s :  C, 42 .05 ; H, 2 .3 5 ;  l\i, 2 1 .8 $ ) .
3 -A m in o -2 -c y a n o -3 - (3 -n it ro p h e n y l im in o )-2 -h y d ro x y im in o p ro p a n o n itr i le , 99
3-l\Iitrobenzenamine (7  g, 0 .0 5 N ),  sodium s a l t  o f hydroxyiminopropane- 
d i n i t r i l e  (6 .3  g, 0 .054M ), water (50 ml), and _c-hydrochloric ac id  (5  ml, 
0.055N a p p ro x .) were heated under r e f lu x  fo r  5 hours. The p r e c ip i t a t e
(11 g, 9 3 /S) was r e c r y s t a l l is e d  from dimethylformamide/water to  g ivs  the  
product ( 8 . 2  g, 69/S), m.p. 218-20° decomp. (Found: C, 4 6 .3 ;  H, 3 .1 ;
N, 29 .7 5 . CgH7 N5 0 3  re q u ire s :  C, 46 .3 5 ; H, 3 .0 5 ;  l\l, 3 0 .0 5 $ ) .
2-Cyano-2-l~ ( dime thy lam in o )-carb o n y lo xy im in o 1- l\ l - (3 -n i trophenyl ) - e th a n -  
im idamide, 1 0 0
Dimethylcarbamyl c h lo r id e  (1 0 .7  g, 0 . 1 M) was added slowly to 3 -am in o -2 -  
c y a n o -3 - (3 -n it ro p h e n y l im in o )-2 -h y d ro x y im in o p ro p a n o n itr i le  (11 g, G.047M) 
and t r ie th y la m in e  (15 ml, 1 1  g, 0.109N) in  te tra h y d ro fu ra n  (100 m l) .
The. m ixture  became warm. When the  re a c t io n  had subsided, the m ixture  
was heated under r e f lu x  fo r  4^ hours and then cooled and f i l t e r e d .  The 
f i l t r a t e  was poured in to  water to p r e c ip i t a t e  the product (1 0 .2  g, 7 1 $ ) .  
R e c r y s ta l l is a t io n  from 2 -methoxyethanol gave the product (7 .8  g, 5 4 $ ) ,  
m.p. 187 -8°  ./Found: C, 4 7 .0 ;  H, 3 .8 ;  l\l, 2 7 .5 .  ^*12^12^6^4 re q u ire s :
C, 47 .35 ; H, 4 .0 ;  N, 2 7 .6 % ) .
The Reaction o f 4-l\litrobenzenamine w ith  the Sodium S a lt  o f Hydroxyimino- 
p ro p a n e d in i t r i le
4-Nitrobenzenamine (7 g, 0 .0 5 N ),  sodium s a l t  o f  hydroxyiminopropane- 
d i n i t r i l e  (6 .3  g, 0 .054N ),  water (50 ml) and c^-hydrochloric ac id  (5  ml,
0.55M ap p ro x .)  were heated under r e f lu x  fo r  10 hours. The p r e c ip i t a t e  
was r e c r y s t a l l is e d  from 2 -m ethoxyethanol/w ater to g ive a w hite  s o l id  
which was probably mainly 2 -c ya n o -2 -h y d ro x y im in o -l \ ) - (4 -n it ro p h e n y l) -  
acetamide ( k . 5  g, 5 5$ ),  m.p. 265° decomp. (Found: C, 4 6 .5 ;  H, 2 .7 ;
I\l, 22 .75$; N+ , 234. C^H^N^O^ re q u ire s :  C, 46 .15; H. 2 .55 ; N, 23 .9$ ;
M+ , 2 3 4 ) .
4 -C h lo ro -3 -m ethy ln itrobenzene
Sodium n i t r i t e  (69 g, 1 M) in  water (530 ml) was added slowly to a 
m ixture  of 2 -m ethy l-4-n itrobenzenam ine  (152 g, 1M), _c-hydrochloric acid  
(270 ml), and water (600 m l) ,  w ith  cooling  to keep the tem perature below 
10°. The so lu t io n  was s t i r r e d  fo r  10 minutes and then added s lowly to  a 
cooled s o lu t io n  o f copper ( I )  c h lo r id e  (129 g) in  ^ -h y d ro c h lo r ic  ac id  
(510 m l) ,  so th a t  the temperature d id not exceed 20°. N itrogen was 
evolved during the a d d it io n .  The m ixture  was s t i r r e d  a t  room tem perature  
fo r  1  hour and then the  brown p r e c ip i t a t e  was f i l t e r e d  o f f  and r e c r y s t a l ­
l is e d  from ethanol to give the product (149 g, 8 7 $ ) ,  m.p. 4 0 -4 4 ° .
19Goldschmidt and HHnig a lso prepared t h is  compound by the Sandmeyer 
re a c t io n  and reported  a m elt ing  p o in t o f 4 4 ° .
4-Chloro-3-methylbenzenamine
4 -C h loro -3 -m ethy ln itrobenzene  (149 g ) ,  i ro n  f i l i n g s  (365 g ) ,  2 -p ro p an o l  
(2 .5  l ) ,  water (250 m l), and _c-hydrochloric acid  (70 ml) were heated under 
r e f lu x  fo r  3 hours. The m ixture  was f i l t e r e d  through k ie s e lg u h r  and the  
f i l t r a t e  was evaporated to dryness. The residue was r e c r y s t a l l i s e d  from 
e th an o l,  w ith  hot f i l t r a t i o n  to remove iro n  res id u es , to g ive the product 
(5 2 .3  g, 4 3 $ ) ,  m.p. 8 1 -4 °  ( l i t . ^ 8 3 - 4 ° ) .  Goldschmidt and H8 n i g ^  
c a r r ie d  out t h is  reduction  w ith  t i n  and h yd ro ch lo r ic  a c id .
Eenzim ldazolines
4 , 6 -D ib ro m o -5 -c h lo ro -2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y l id e n e )-b e n z im id a zo l in e
3 , 5 -D ibrom o-4-ch loro-1 ,2-benzenediam ine (15 g, 0 .0 5 N ),  potassium s a l t  o f  
dicyanoacetamide (16 g, 0 .11M ), js -hyd ro ch loric  acid (9 ml, 0.05N a p p ro x . ) ,  
and water (100 ml) were heated under r e f lu x  fo r  12 hours. The 
p r e c ip i t a t e  was s t i r r e d  w ith  1 N_-sodium hydroxide ( 2 0 0  ml) and the m ix tu re
was f i l t e r e d .  N e u tra l is a t io n  of the f i l t r a t e  to pH 7 w ith  h yd ro ch lo r ic  
acid  gave a p r e c ip i t a t e  o f the product (3 g, 15$ ),  m.p. 228-30° decomp. 
(Found: C, 3 0 .5 ;  H, 1 .4 ;  N, 1 4 .4 .  C^gH^B^ClN^O re q u ire s :  C, 3 0 .6 ;  H, 1 .3 ;  
N, 1 4 .3 $ ) .  j
Heating ap p ro p r ia te  benzenamines s im i la r ly  w ith  various s a l ts  r e la te d  to  
tricyanom ethanides gave benzim idazolines as fo l lo w s , a f t e r  the heat in g  
times shown, which were p u r i f ie d  i f  necessary by s o lu tio n  in  a l k a l i  
and/or r e c r y s t a l l i s a t io n  as s ta te d :
With the  potassium s a l t  of dicyanoacetamide:
4 . 5 . 6 - T r i c h l o r o - 2 - ( 2 -a m in o - 1 -c y a n o - 2 -o x o e th e n y l) -b e n z im id a z o l in e , a f t e r  
30 hours. P u r i f ic a t io n  by s o lu tio n  in  a l k a l i ,  fo llowed by r e c r y s t a l ­
l i s a t i o n  from dimethylformam ide/water gave the product (2 9 $ ) ,  m.p.
138-40° (Found: C, 39 .45; H, 1 .95 ; N, 18 .75; N+ , 302. C>inHcCl^N/ 0
, 1U 6 o 4
re q u ire s :  C, 39 .55 ; H, 1 .65 ; N, 18 .45; N*1", 3 02 ).
4 . 6 -D ib ro m o -2 -(2 -a m in c -1 -cy a n o -2 -o x o e th y lid e n e )-b e n z im id a zo lin e , a f t e r  
36 hours. P u r i f i c a t io n  v ia  so lu t io n  in  a l k a l i ,  fo llowed by r e c r y s t a l ­
l i s a t i o n  from dim ethylformam ide/water gave the product (2 8 $ ) ,  m.p.
247-50° (Found: C, 3 3 .9 ;  H, 2 .1 ;  N 1 5 .4 .  C^gHgB^N^O re q u ire s :
C, 33 .55; H, 1 .7 ;  N, 1 5 .6 5 $ ) .
5 . 6 -D ic h lo ro -2 - (2 -a m in o -1 -c y a n o -2 -o x o e th y l id e n e ) -b e n z im id a z o l in e , a f t e r  
28 hours. P u r i f i c a t io n  v ia  so lu t io n  in  a l k a l i  gave the product (5 0 $ ) ,  
m.p. 285° decomp. (Found: C, 44 .25 ; H, 2 .4 ;  N, 2 1 .2 .  C^gHgC^N^O 
re q u ire s :  C, 44 .65 ; H, 2 .25 ; N, 2 0 .8 $ ) .
2 - (2 -a m in o -1 -c y a n o -2 -o x o e th y lid e n e )-b e n z im id a z o l in e , a f t e r  50 hours. 
P u r i f i c a t io n  v ia  so lu t io n  in  a l k a l i ,  fo llow ed by r e c r y s t a l l i s a t io n  from 
dim ethylform am ide /w ater, gave the product (3 8 $ ) ,  m.p. 263° (Found:
C, 59.65; H, 3 .9 ;  N, 27 .6 5 . C.-H-N.O re q u ire s :  C, 6 0 .0 ;  H, 4 .0 5 ;  N, 2 8 .0 $ )
1 U  o ' 4
There were two peaks in  the p .m .r .  spectrum of the product due to  
exchangeable protons: 6  (dmso-d^) 9 .1 5 8 ( 2 H, b, 2 xNH), 6 .4 °  (2H, B, NH2 ) .
With the potassium s a l t  o f N-methyldicyanoacetamide:
2 - (2 -m e th y lam in d -1 -c y an o -2 -o xo e th y lid en e )-b en z im id a zo lin e . 56
(4 1 $ ) ,  m.p. 240° decomp. (Found: C, 61 .45; H, 4 .35 ; N, 2 5 .9 5 .  C ^H ^N ^O
re q u ire s :  C, 61 .65; H, 4 .7 ;  N, 2 6 .1 5 $ ) ,  a f t e r  48 hours. There were
two peaks in  the p .m .r .  spectrum of the product due to exchangeable protons
6  (dmso-d6 ) 9 .1 5 °  (2H, b, 2xNH), 6 .7 5 °  ( 1 H, b, amide NH).
With the potassium s a l t  o f e th y l  d icyanoacetate:
2 -(1~ cyano-2 -oxo-2 -e thoxyethv lidene)-benz im idazG sline , 79
(3 0 $ ) ,  m.p. 260° decomp. (Found: C, 6 2 .8 ;  H, 5 .25 ; N, 1 8 .6 .  ^12^11^3^2
re q u ire s :  C/  62 .85 ; H, 4 .8 5 ;  l\], 1 8 .3 5 $ ) .
With N-phenyldicyanoacetamide (no h yd ro ch lo r ic  acid  was added):
2 -(2 -p h e n y la m in o -1 -c y an o -2 -o xo e th y lid en e )-b en z im ir ia zo lin e , 57 ,
as an o i l  a f t e r  24 hours. T r i t u r a t io n  w ith  ethanol gave the product
(2 6 $ ) ,  m.p. 213-5°  (Found: C, 69 .7 ;  H, 4 .5 5 ;  N, 20 .65 . C ^ H  J\I.O16 1 2  4
re q u ire s :  C, 69 .55; H, 4 .4 ;  l\l, 2 0 .3 $ ) .
With Potassium Tricyanomethanide:
6 -C h lo ro -2 - (2 -a m in o -1 -c y a n o -2 -o x o e th y l id e n e ) -5 -n it ro b e n z im id a z o l in e , 29,
was obtained when the i n i t i a l  product of re a c t io n  -  a f t e r  a h eat in g  time
c f  28 hours -  was p u r i f ie d  v ia  s o lu t io n  in  a l k a l i ,  ins tead  o f e i t h e r
o f  the expected products , the r e la te d  2 -d icyanom ethylenebenzim idazoline
or the r e la te d ,  a c y c l ic  a m in o -(a ry la m in o )-m e th y le n e p ro p a n e d in itr i le .
A c id i f ic a t io n  o f the s o lu tio n  in  a l k a l i  w ith  hydroch lor ic  ac id  gave the
product as i t s  hydroch loride  (2 8 $ ) ,  m.p. 230° decomp. (Found: C, 37 ,6 5 ;
H, 1 .8 ;  C l,  22 .05; l\l, 2 2 .4 5 .  C -hLCl-N-O,, re q u ire s :  C, 3 8 ,0 ;  H, 2 .2 5 ;
1 U ( 2  6  o
C l ,  22 .45 ; N, 2 2 .1 5 $ ) .
4 - ( lH )-Q u in a z o l in o n e s  
2 -rC y an o -(h y d ro x y im in o )-m e th y l1 -4 (1H )-q u in a zo lin o n e . 103 
2-Aminobenzoic acid ( 6 . 8  g, 0 .0 5 N ),  sodium s a l t  o f hydroxyiminopropane- 
d i n i t r i l e  ( 6 . 8  g, 0 .05 8N ),  _c-hydrochloric acid (4 .5  ml, 0.05M a p p ro x . ) ,  
and water (45 ml) were heated under r e f lu x  fo r  2  hours. The p r e c ip i t a t e  
(6 .9  g, 64$) was r e c r y s t a l l is e d  from 2 -methoxyethanol to g ive the  
product (3 .7  g, 3 4$ ),  m.p. 276 -8 °  decomp. (Found: C, 5 6 .0 ;  H, 3 .0 5 ;  
l\l, 2 6 .2 .  C^gHgN^^ re q u ire s :  C, 56 .05; H, 2 .8 ;  N, 2 6 .1 5 $ ) .
Heating ap p ro p ria te  aminobenzoic acids s im i la r ly  w ith  various  s a l t s  
re la te d  to tr icyanomethanides gave qui nazolinGmSas fo l lo w s , a f t e r  the  
h eat in g  times shown, which were not r e c r y s t a l l i s e d ,  unless o therw ise  
s ta ted :
With Potassium TricyanomBthanide:
2 -D icyanom ethylene-2 , 3 -d ih y d ro -4 (1H )-qu inazo linone  (79 $ ) 9
m.p. 300° decomp. (Found: C, 62 .5 ;  H, 2 .9 ;  l\i, 2 6 .6 .  C^H^N^O re q u ire s :
C, 62 .85; Hj  2 .9 ;  l\l, 2 6 .6 5 ) ,  a f t e r  24 hours.
With the  Potassium S a l t  o f Dicyanoacetamide:
2 - (2 -a m in o -1 -c y a n o -2 -o x o e th y l id e n e ) -6 -c h lo ro -2 .3 -d ih y d ro -4 ( lH ) -q u in a z o l in o n e , 
a f t e r  12 hours. S o lu tion  in  1 fl-sodium hydroxide, fo llowed by r e p r e c ip i ­
t a t io n  w ith  h yd ro ch lo r ic  acid  and r e c r y s t a l l i s a t io n  from d im eth y lfo rm -  
amide gave the product (4 7 $ ) ,  m.p. 266° decomp. (Found: C, 50 .65;
H, 2 .9 5 ;  N, 21 .0$ ; N+ , 262.0245. C H ^ O  re q u ire s :  C, 50 .3 ;
H, 2 .7 ;  N, 21 .35$; M+ , 262 .02 5 1 ) .
2 - ( 2 -a m in o - 1 -cyano-2 -oxoet h y l id e n e ) - 2 . 3 -d ih y d ro -4 (1H )-q u in a zo l in o n e
(6 3 $ ) ,  m.p. 305° decomp. (Found: C, 5 8 .4 ;  H, 3 .7 ;  N, 24 .6 5 . C HLIM.O,.
1 1  o 4 2
re q u ire s :  C, 5 7 .9 ;  H, 3 .5 5 ;  N, 2 4 .5 5 $ ) .
With the potassium s a l t  o f N-methyldicyanoacetamide:
2 -(2 -m e th y la m in o -1 -c y a n o -2 -o x o e th y l id e n e )-2 .3 -d ih y d ro -4 ( lH )-q u in a z o l in o n e , 
a f t e r  24 hours. R e c ry s ta l l is a t io n  from ethanol gave the product 
(3 3 $ ) ,  m.p. 266° decomp. (Found: C, 5 9 .6 ;  H, 4 .5 ;  N, 2 3 .2 5 .  ^12^10^4^2
re q u ire s :  C, 5 9 .5 ;  H, 4 .1 5 ;  N, 2 3 .1 5 $ ) .
With the potassium s a l t  o f S -e th y l  d icyanoethaneth ioate :
2 - ( l - c y a n o - 2 - e t h y l t h i o - 2 - o x o e th y l id e n e ) - 2 ,3 -d ih y d r o -4 ( lH ) -q u in a z o l in o n e , 83 
(2 8 $ ) ,  m.p. 245 -6 °  (Found: C, 57 .45; H, 4 .4 ;  l\l, 1 5 .5 .  C1 3 H1 1 N3 0 2 S
re q u ire s :  C, 57 .15; M, 4 .0 5 ;  N, 1 5 .4 $ ) ,  a f t e r  24 hours.
With ^-phenyldicyanoacetamide (no h ydroch lor ic  acid  was added):
2 - (2 -p h e n y la m in o -1 -c y a n o -2 -o x o e th y l id e n e )-2 .3 -d ih y d ro -4 ( l  H )-q u in a zo l in o n e  
(6 2 $ ) ,  m.p. 250° decomp. (Found: C, 67 .35; H, 4 .1 ;  l\l, 1 8 .5 .  
re q u ire s :  C, 6 7 .1 ;  H, 4 .0 ;  N, 1 8 .4 $ ) ,  a f t e r  24 hours.
Z— | cyano { dime thy laminocaroony loxyimino j-m etny i 1-4 u  H ;~u u in azo iin o n e , 'I ua
2-(Cyanohydro>^&.m inom ethyl)-2 ,3-dihydro-4(lH )-quinazolinone ( 8  g, O.OSTN) 
was dissolved in  a m ixture  of te tra h y d ro fu ra n  (70 ml) and t r ie th y la m in e  
(7 ml, 5.1 eg, 0 . 05N), and dimethylcarbamoyl c h lo r id e  (4 .5  g, 0.042lvl) was 
added c a u t io u s ly ,  causing a s l ig h t  temperature r i s e .  The m ixture  was 
s t i r r e d  and heated under r e f lu x  fo r  2  hours and then cooled to room 
temperature and poured in to  a m ixture  of ic e  and water (150 ml) to  p r e c i ­
p i t a t e  the l ig h t-b ro w n  ptoduct (7 g, 6 5$ ) ,  m.p. 222-4° decomp. A
-1carbonyl absorption in  the i . r .  spectrum of the  product a t  1780 cm 
confirmed th a t  an oxime carbamate had been obta ined, and not a u rea .  
R e c r y s ta l l is a t ic n  from 2 -methoxyethanol gave the pure product (5 .9  g, 
55$ ), m.p. 226 -8°  decomp. (Found: C, 54 .95; H, 3 .85 ; N, 2 4 .6 .
C13H11N5°3 reclu ire s :  C, 54 .75; H, 3 .9 ;  N, 2 4 .5 5 $ ) .
2 - (1 -c y a n o -2 -o x o -2 -e th o x y e th y l id e n e ) -2 .5 -d lh y d ro -4 ( lH ) -a u in a z o l in o n e . 82 
see page 125.
1 -Am ino-1-ch loroethylenes  
Am inochlorom ethylenepropanedin itr ile  was prepared by A l le n s t e in ’ s method 
The product was washed w ith  c;-hydrochloric  a c id ,  not w ater , be fo re  
being d r ie d .  ■ *
S -E th y l 3-am ino-3-chloro- 2 2-cyanopropeneth ioate , 94
Potassium s a l t  o f _S-ethyl d icyanoethaneth ioate  (3 8 .4  g, 0 . 2 N) in  hot
water (200 ml) was added to c^-hydrochloric acid  (200 m l) .  The m ix tu re
was cooled. The p r e c ip i t a t e ,  which was f i l t e r e d  o f f  and washed w ith  
jc -hyd ro ch loric  a c id ,  was the product (30 g, 7 9 $ ) ,  m.p. 130° decomp. 
(Found: C, 37.6$ H, 3 .8 5 ;  C l,  18 .1 ; N, 1 4 .5 .  CgH^Cll^OS re q u ire s :
C, 3 7 .8 ;  H, 3 .7 ;  C l ,  1 8 .6 ;  N, 1 4 .7 $ ) .
E th y l 3 -am ino-3-ch loro-2-cyanopropenoate , 93.
Potassium s a l t  o f e th y l  d icyanoacetate  (1 7 .6  g, O.IM) was s t i r r e d  w ith
5.6M hydrogen c h lo r id e  in  ethanol (180 ml, 0.1M) fo r  1-J hours. The
p r e c ip i t a t e  was f i l t e r e d  o f f ,  water-washed, d r ied  and r e c r y s t a l l i s e d
from ethanol con ta in ing  a l i t t l e  hydrogen c h lo r id e  to give the  product
(4 .7  g, 2 7 $ ) ,  m.p. 173-4° decomp. (Found: C, 41 .45 ; H, 4 .4 ;  N, 1 5 .9 5 .
C a lcu la ted  fo r  C.H„ClNo0o : C, 41 .25; H, 4 .0 5 ;  N, 1 6 .0 5 $ ) .  A l le n s te in  
3  o / 2 2
and Quis prepared t h is  compound from d ie th o x y m e th y le n e p ro p a n e d in it r i le .
The i . r .  spectrum of the sample prepared as above was id e n t ic a l  to  the  
one which they reported .
Amino-(methc/xy ) -m e th y le n e p ro p a n e d in .it r i le .
A m inoch lorom ethylenepropanedin itr ile  (26 9 , 0 . 2 1 1 ) was heated, under 
r e f lu x ,  in  methanol (50 ml, la rg e  excess) fo r  6  hours. The m ixture  was 
cooled to 0 ° .  The p r e c ip i t a t e  was r e c r y s ta l l is e d  from 1:1 acetone:w ater  
to give the  product ( 1 1 .5  g, 4 7 $ ) ,  m.p. 219-20° ( l i t . ^  2 1 3 -4 ° ) ,
(Found: C, 4 9 .0 ;  H, 4 .2 5 ;  N, 33 .9 5 .  Ca lcu la ted  fo r  Cr H J  0: C, 4 8 .8 ;
J J J
H, 4 .1 ;  I\!, 3 4 .1 5 $ ) .  This compound was prepared from dimethoxymethylene-
39p r o p a n e d in i t r i le  by M iddle ton , L i t t l e ,  Coffman*and Engelhardt
Evaporation o f the methanol f i l t r a t e  from the re ac t io n  gave a w h ite  s o l id
( 1 0 . 1  g) which was r e c r y s t a l l is e d  from m ethanol/water and was found,
by e lem ental a n a ly s is  and MS, to be a m ixture  o f  methyl 3 -am ino-3-m ethoxy-
2 -cyanopropenoate, and, p o s s ib ly ,  am ino ch lorom ethy lenepropaned in itr i le
(Found: C, 44 .2 5 ; H, 4 .8 5 ;  N, 23 .75$; M+ , 156.0533. C^HoNo0^ re q u ire s :o o 2  J
C, 4 6 .2 ;  H, 5 .1 ;  N, 17.95$; M+ , 156.0534. C ^ C l f ^  re q u ire s :  C, 3 7 .6 ;
H, 1 .55 ; N, 3 2 .9 3 $ ) .
A m ino-(2 -m etho xyethoxv)-m ethvlenepropaned in itr i le  (2 7 $ ) ,  m.p. 1 43 -5 °  
(Found: C, 49 .7 5 ; H, 5 .5 ;  (\I, 2 5 .1 .  C^H^N^O^ re q u ire s :  C, 5 0 .3 ;  H, 5 .4 5 ;
N, 2 5 .1 5 $ ) ,  was prepared s im i la r ly  by heating  aminochloromethylene-  
p r c p a n e d in i t r i le  in  2 -methoxyethanol fo r  2 hours. The product was not 
r e c r y s t a l l i s e d .
A m in o -(b u to xy )-m eth v len ep ro p an ed in itr i le
Am inochlorom ethylenepropanedin itr ile  (25 g ) ,  n -butano l (16 g ) ,  and
te tra h y d ro fu ra n  (60 ml) were heated under r e f lu x  fo r  15 hours. The
m ixture  was f i l t e r e d  and the f i l t r a t e  was poured in to  water ( 1  l )
to p r e c ip i t a t e  the product (1 2 .7  g, 3 9$ ) ,  m.p. 134-5° (Found: C, 5 7 .9 5 ;
H, 6 . 6 ; N, 2 5 .4 .  C H , , L 0  re q u ire s :  C, 58 .15; H, 6 .7 ;  N, 2 5 .4 5 $ ) .
8  1 1 3
A m in o -(o c ty lo x y )-m e th y le n e p ro p a n ed in itr i le
A m inochlorom ethylenepropanedin itr ile  (1 2 .7  g, 0 .1M ),  n^-octanol ( 1 3 .2  g, 
O.IM) and te tra h y d ro fu ra n  (30 ml) were heated under, r e f lu x  fo r  10 hours.
The m ixture  was evaporated and the re s id u a l  o i l  was t r i t u r a t e d  w ith  
to luene (75 m l) .  . The p r e c ip i t a t e  was d issolved in  te tra h y d ro fu ra n  
(50 ml) and the s o lu t io n  was poured in to  water (250 m l) .  The p r e c ip i ­
t a t e  ( 6 . 6  i )^ was found to be f re e  from s ta r t in g  m a te r ia l  (by i . r .  
spectroscopy), but i t s  e lem ental an a ly s is  showed i t  to be impure.  
R e c r y s ta l l is a t io n  from ethanol gave the product ( 2 . 6  g, 1 2 $ ) ,  m.p.
124-5° (Found: C, 64 .95 ; H, 8 . 8 ; !\l, 19 .15 .  C^H^.M^O re q u ire s :
C, 6 5 .1 ;  H, 8 .6 5 ;  N, 1 9 .0 $ ) . .
A m in o -(b u ty lth io ) -m e th y le n e p ro p a n e d in i t r i le
A m inoch lorom ethylenepropanedin itr ile  (1 7 .2  g, 0 .1 3n)» 1 -b u t a n e th io l
(12 g, 0.131^) and te tra h y d ro fu ra n  (4 3 'm l)  were heated under r e f lu x
fo r  11 hours. The so lu t io n  was evaporated to dryness. The res idue
was red isso lved  in  te tra h y d ro fu ra n  (40 ml) and the s o lu t io n  was poured
in to  water (250 m l) .  The product separated as an o i l  which g ra d u a lly
c r y s t a l l is e d  (4 .8  g, 2 0$ ) ,  m.p. 121-3° (Found: C, 53 .05; H, 6 .2 ;  !\!, 2 3 .2 5 .
C0H „I\LS re q u ire s :  C, 53 .0 ;  H, 6 .1 ;  N, 2 3 .2 $ ) .  o i l  o
S -E th y l 3 -am ino-2 -cyano-3 -e thoxyprop eneth ioa te , 95
S -E th y l 3 -am ino-3-ch lo ro -2-cyan opropeneth ioa te  (7 .6  g, 0.04lvl) was
heated under r e f lu x  in  e thanol fo r  4 hours to give a p r e c ip i t a t e  of
the  product (3 g, 6 0 $ ) ,  m.p. 133-5° (Found: C, 4 8 .3 ;  H, 6 .4 ;  l\J, 1 4 .1 .
C - H ,J „ 0  S re q u ire s :  C, 4 8 .0 ;  H, 6 .0 ;  N, 1 4 .0 $ ) .  o \ Z Z Z
The Reaction o f the Potassium S a lt  o f  Dicyanoacetamide w ith  Hydro­
c h lo r ic  Acid, fo llow ed by Ethanol
Potassium s a l t  o f dicyanoacetamide (16 g) was mixed w ith  hot c_-hydro- 
c h lo r ic  acid  (150 m l) .  The m ixture  was cooled and the p r e c ip i t a t e  was 
f i l t e r e d  o f f ,  washed w ith  _c-hydrochloric ac id  and drispd. A s a t is fa c to r y  
elem ental a n a ly s is  could not be obtained fo r  the product, a lthough i t s  
mass spectrum was cons is ten t w ith  3-am ino-3-chloro-2-cyanopropenam ide  
(Found: FI+ , 144.9997; C H4 C1N 0 re q u ire s :  M+ , 145 .00 4 3 ) .  The s o l id  
was heated under r e f lu x  in  ethanol fo r  24 hours and then the  p r e c ip i t a t e  
(10 q) was f i l t e r e d  o f f  and d r ie d .  From i t s  p .m .r .  spectrum, the  product 
appeared to be a m ixture  of 3-amino-3-chloro-2-cyanopropenam ide and
3-amino-2-cyano-3-ethoxypropenam idB< 6  (dmso-d^) 6 . 5 - 8 . 5 °  (b road , N f^ ) ,  
7 .9 °  (s ,  NH2 ) ,  7 .3 3 °  (s ,  NH2 ) ,  6 .7 7 °  (s ,  NHg), 4 .2  and 1 . 1 2  (q and t ,
E t ) .
B ts -m eth y lth io e th y len es  
B is - (m e th y lth io ) -m e th y le n e p ro p a n e d in i* t r i le ,  2 -c y a n o -3 ,3 -b is (m e th y l-
th io )-propenam ide and methyl 2 -c y a n o -3 ,3 -b is - (m e th y lth io ) -p ro p e n o a te
/ 2 0 auere prepared by the method o f Gempper and TBpfl . E th y l 2 -c y an o -
3 , 3 -b is - (m e th y lth io ) -p ro p e n o a te  was prepared s im i l a r ly ,  except th a t
ethanol was used as so lvent fo r  the f i r s t  stage, in  plane o f methanol,
although sodium methoxide was s t i l l  used as the base.
Amino-( methy1th io ) -m e th y le n e p ro p a n e d in i t r i le s  
A m in o -(m eth y lth io )-m eth y le n e p ro p an e d in itr i le  was prepared by the method
9 fla
o f Gompper and TBpfl .
M e th y la m in o - (m e th y lth io ) -m e th y le n e p ro p a n e d in it r i le ,  118 
A 27.5$  u /v  s o lu t io n  o f methylamine in  ethanol (40 ml, 11 g, 0.35M) 
was added s lo u ly  to one o f b is - (m e th y lth io ) -m e th y le n e p ro p a n e d in i t r i le  
(51 g, 0.3M) in  b o i l in g  e thano l (250 m l) ,  causing vigorous e v o lu t io n  o f  
m ethaneth io l.  Heating was continued fo r  15 min and then the  s o lu t io n  
was cooled to 0° to p r e c ip i t a t e  the product (30 g, 6 5$ ) ,  m0 p. 1 1 4 -6 ° .  
R e c r y s ta l l is a t io n  from ethanol gave the product (17 g, 3 7 $ ) ,  m.p. 119-20°  
(Found: C, 4 7 .4 ;  H, 4 .5 ;  N, 2 7 .8 .  C a lcu la ted  to C H J „ S :  C, 4 7 .0 5 ;
H, 4 .6 ;  N, 2 7 .4 5 $ ) ,  6  (dmso-d ) 8 . 6  (1H, b, NH), 3.1 (3H, d, 0=7Hz, NNe), 
2 .5  (3H, s, SMe).
24 36H a r tk e ,  and Metzger and Uegler^ prepared t h is  compound from t r im e t h y l -
od ith io im id o carb o n a te .  Hartke reported  i t s  m e lt in g  p o in t  to  be 120-21 . 
S im i la r ly  prepared uere:
D im e th y la m in o -(m e th y lth io )-m e th y le n e p ro p a n e d in itr i le ,  114 (6 4 $ ) ,  
m.p. 7 5 -7 °  (Found: C, 4 9 .9 ;  H, 5 .1 ;  N, 2 4 .7 5 .  C a lcu la ted  fo r  C^H^N^S:
C, 50.25; H, 5 .4 ;  N, 2 5 .1 $ ) ,  6  (dmso-d6 ) 3 .25  ( 6 H, s, NMe ) ,  2 .5
41 -■
(3H, s, SMe). N ilsson and Sandstroem prepared th is  compound s t a r t in g  
from dim ethylth iocarbam yl c h lo r id e  and p ro p a n e d in i t r i le  and rep o rted  
a m e lt in g  p o in t of 7 6 ° .  Nakai and Okeuara 4 6  prepared i t  from N ,N -  
d im eth y l-b is -(m eth y lth io )-m eth an im in iu m  p e rc h lo ra te .
2 - lYle th v lp ro p y la m in o - (m e th v lth io ) -m e th v le n e p ro p a n e d in it r i le , m.p. 
5 8 -6 0 ° .
B is-D im ethy lam inom ethy lenepropaned in itr i le ,  115 
A 33# u /u  aqueous s o lu t io n  o f dimethylamine (36 g = 1 2  g, 0.27M) was 
added s lo u ly  to a b o i l in g  s o lu tio n  of b is - (m e th y lth io ) -m e th y le n e -~  
p r o p a n e d in i t r i le  (17 g, 0.1M) in  ethanol (90 m l) ,  causing vigorous  
evo lu t io n  o f m ethaneth io l.  Heating uas continued fo r  4 hours and then  
the s o lu t io n  uas evaporated to  dryness and the residue uas r e c r y s t a l ­
l is e d  f i r s t  from methanol and then from to luene to give the product 
(5 .7  g, 35^6), m.p. 133-5° (Found: C, 5 8 .9 ;  H, 7 .5 ;  N, 3 3 .7 .  C a lcu la te d
fo r  CDH _ N ,: C, 5 8 .5 ;  H, 7 .3 5 ;  N, 3 4 .1 # ) ,  6  (dmso-d6 ) 2 .9 .
38bMiddleton and Engelhardt prepared th is  compound from d iethoxym ethy lene-  
p r o p a n e d in i t r i le  and reported  a m elt in g  p o in t  o f 129 -30°. E ricsson ,  
Sandstroem and Wennerbeck p r e p a r e d ' i t  from p r o p a n e d in i t r i le  and 
pentamethylthiouronium io d id e ,  and reported  a m elt ing  p o in t  o f  1 3 3 -5 ° .
1 -A ry lam in o -1 -m eth y lth io e th v ien es
4 -C h lo ro p h e n y la m in o -(m e th y lth io )-m e th y le n ep ro p a n e d in itr i le
4-Chlorobenzenamine (64 g, 0 .5M ), b is -m e th y lth io m e th y le n e p ro p a n e d in it r i le  
(85 g, 0 .5M ),  and ethanol (400 ml) uere heated under r e f lu x  fo r  6  hours. 
The s o lu t io n  uas cooled and the p r e c ip i t a t e  uas r e c r y s t a l l is e d  from 
ethanol to g ive the product (65 g, 5 2# ) ,  m.p. 164-6° (Found: C, 52 .95 ;
H, 2 .85 ; N, 1 6 .5 5 . C H0 C1 I\LS re q u ire s :  C, 52 .9 ;  H, 3 .2 5 ;  N, 1 6 .8 5 # ) ,
6  (dmso-d ) 1 0 .4 °  ( 1 H, s, NH), 7 .5 - 7 .3  (4H, ArH), 2 .52  (3H, s, SMe).
2 0 bThis  method uas based on th a t  of Gompper and THpfl fo r  re la te d  
compounds.
S im ila r  re a c t io n s ,  using a p p ro p ria te  benzenamines and 1 , 1 - b is - m e t h y l -  
th io e th y le n e s  (and using methanol as so lvent in  the case o f methyl 
2^cyano-3 ,3 -b ism ethy lth io propenoate ) gave the fo l lo u in g  compounds, a f t e r  
the heating  times shoun, uhich uere not r e c r y s t a l l i s e d ,  unless o th e ru is e  
s ta te d :
From b is -m e th y lth io m e th y le n e p ro p a n e d in it r i le :
P h en y la m in o -(m e th y lth io )-m e th y len e p ro p a n ed in itr i le  (1 4 .4  g, 6 7 # ) ,  
m.p. 174-5° (Found: C, 6 1 .0 ;  H, 4 .2 5 ;  N, 1 9 .3 .  C a lcu la ted  fo r  C^H^N^S:
C, 61 .35 ; H, 4 .2 ;  N, 1 9 .5 # ) ,  6  (dmso-d6 ) 1 0 .5 °  (1H, s, NH), 7 .3
An(_
(5H, m, ArH), 2 .5  (3H, s, Me). Gompper and TBpfl prepared t h is  
compound s im i la r ly  and reported  a m e lt in g  p o in t  o f 17 4 -6 ° .
From 2 -cya n o -3 ,3 -b is (m e th y lth io )-p ro p en a m id e :
5 -(4 -0h lo ro p h en y lam in o )-2 -c yan o -3 -(m eth y lth io )-p ro p en am id e  (7 5 # ) ,  
m.p. 200-203° (Found: C, 4 9 .6 ;  H, 3 .5 ;  N, 1 5 .6 .  C H C1N OSi * I I u o
re q u ire s :  ju, 49 .35 ; H, 3 .75 ; N, 1 5 .7 # ) ,  a f t e r  20 hours.
3 -Pheny lam ino-2 -cyano-3 -(m ethy lth io )-p ropenam ide , a f t e r  4 hours. 
R e c r y s ta l l is a t io n  from methanol gave the product (8 7 # ) ,  rnp. 151-3°
(Found: C, 57 .0 ;  H, 5 .0 ;  N, 18 .15 . C H , J  OS re q u ire s :  C, 56 .65 ;
1 1  M O
H, 4 .7 5 ;  N, 1 8 .0 # ) ,  6  (dmso-d ) 1 0 .6 °  ( 1 H, s, NH), 7 .6  (5H, s, ArH),
7 .3 °  (2H, b, NH2 ) ,  2 .16  (3H, s ,  SMe).
3- (4 -m ethylphenylam ino)-2 -cyano-3-(m e'thylth io )-propenam ide (84#) ,
m.p. 183-5° (Found: 0 , 5 8 . 5 ;  H, 5 .5 ;  N, 1 7 .1 .  C .oH.„N„0S re q u ire s :
1  z 13 3
C, 5 8 .3 ;  / H, 5 .,3; N, 17 i.0# l ) ,  a f t e r  6  hours.
From methyl 2 -c ya n o -3 ,3 -b is - (m e th y lth io ) -p ro p e n o a te - :
Methyl 3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o -3 - (m e th y lth io ) -p ro p e n o a te  
( 6 6 # ) ,  m.p. 140-42° (Found: C, 4 5 .0 5 ; H, 3 .5 ;  N, 9 .1 .  , c 1 2 Hio C1 2N2 °2 S
req u ires : C, 45 .45 ; H, 3 .2 ;  N, 8 . 8 # ) ,  6  (dmso-d6 ) 1 0 .8 °  (1H, s, NH),
7 .7 -7 .1  (3H, m, ArH), 3 .67  (3H, s, OMe), 2 .32  (3H, s, SMe), a f t e r  10c  ^
hours.
Methyl 3 -(4 -brom ophenv lam ino)-2 -cyano-3 -(m ethy lth io )-propenoate  
(3 9 # ) ,  m.p. 140-42° (Found: C, 4 3 .7 ;  H, 3 .0 ;  N, 8 .5 5 .  C H DrN2 02S 
re q u ire s :  C, 44 .0 5 ; H, 3 .4 ;  N, 8 .5 5 # ) ,  6  (dmso-d6 ) 1 0 .8 °  ( 1 H, s , NH),
7 .7 - 7 .2  (4H, A r H ) , .'3.67 (3H, s, OMe), 2 .28 (3H, s, SMe), a f t e r  4 hours.
Methyl 3 - (4 -c h lo ro p h e n y la m in o )-2 -c v a n o -3 -(m e th y lth io )-p ro p e n o a te  
(6 1 # ) ,  m.p. 134-7° (Found: C, 50 .65; H, 4 .1 ;  N, 9 .7 .  C1 2H11C1 N2 °2 S •
re q u ire s :  C, 50 .95; H, 3 .9 ;  N, 9 .9 # ) ,  6  (dmso-d6 ) 1 1 .4 °  ( 1 H, s, NH),
7 .4  (4H, ArH), 3 .68  (3H, s, OMe), 2 .26  (3H, s, SMe), a f t e r  1 hour.
Methyl 3 - (3 -c h lo ro p h e n y la m in o )-2 -c y a n o -3 - (m e th y lth io ) -p rc p e n o a te , 
a f t e r  16 hours. R e c ry s ta l l is a t io n  from 2-methoxyethar;ol gave the  product  
( 6 8 # ) ,  m.p. 105-7° (Found: C, 5 1 .2 ;  H, 3 .6 ;  N, 1 0 .2 .  C<]^  C l 'N ^ S
re q u ire s :  C, 50 .95; H, 3 .9 ;  N, 9 .9 # ) ,  6  (dmso-d6 ) 1 1 .0 °  (1H, s , NH),
7 .5 - 6 .7  (4H, ArH), 3 .67  (3H, s, OMe), 2 .27  (3H. s , SMe).
Methyl 3 -p h en y lam in o -2 -cyan o -3 -(m eth y lth io )-p ro p en o ate  (1 9 .5  g, 7 9 # ) ,  
m.p. 79 -80° (Found: C, 57 .85; H, 5 .0 5 ;  N, 1 1 .5 .  C a lcu la ted  fo r
C12H12N2 °2 S: C’ 58* 05; H» 4 * 85; N’ 1 1 .3 # ) ,  6  (dmso-d6 ) 1 1 .5 °  (1H, s, 
NH), 7 .3 6  ^5H, s, ArH), 3 .68 (3H. s, OMe), 2 .2  (3H, s, SMe). a f t e r  
^ hour. Gompper and TBpfl*" reported  the m e lt in g  p o in t  o f t h is  
compound to  be 7 9 -8 1 ° .
Methyl 3 -(3 -m e th v lp h en y la m in o )~ 2 -cv a n o -3 -(m e th y lth io )-p ro p e n o a te , 
a f t e r  4 hours. R e c ry s ta l l is a t io n  from methanol gave the product 
(8 5 # ) ,  m.p. 9 3 -4 °  (Found: C, 59 .65; H, 5 .5 ;  N, 10 .65 . C H N 0 SI O I Zm £•
re q u ire s :  C, 5 9 .5 ;  H, 5 .4 ;  N, 1 0 .7 # ) ,  6  (dmso-d ) TO.4“ (1H, s, NH),
7 .4 - 7 .0  (4H, ArH), 3 .69  (3H, s, OMe), 2.31 and 2.22. (3H, 3H, s, s,
SMe and r in g  Me).
Methyl 3 -(4 -m e th y lp h en y la m in o )-2 -c ya n o -3 -(m e th y lth io )-p ro p en o a ts  
(8 4 # ) ,  m.p. 9 3 -5 °  (Found: C, 5 9 .1 ;  H, 5 .1 ;  N, 1 0 .5 .  c 1 3 Hl 4 N2 n2 S 
re q u ire s :  C, 5 9 .5 ;  H, 5 .4 ;  N, 1 0 .7 # ) ,  a f t e r  4 hours.
From e th y l  2 -c y a n o -3 ,3 -b is (m e th y lth io ) -p ro p e n o a te :
E th y l 3 - (3 .4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o ^ 3 -(m e th y lth io )-p ro p e n o a te  
(6 7 # ) ,  m.p. 115-9°  (Found: C, 47 .25 ; H, 3 .7 ;  N, 8 . 6 . C13H12C12INI202S
re q u ire s :  C, 47 .1 5 ; H, 3 .6 5 ;  N, 8 .4 5 # ) ,  a f t e r  20 hours.
E th y l 3 -p h e n y lam in o -2 -cyan o -3 -(m eth y lth io )-p ro p en o ate .
a f t e r  1 hour. R e c ry s ta l l is a t io n  from ethanol gave the product (4 8 # ) ,
m.p. 7 7 -9 °  (Found: C, 59 .8 ;  H, 5 .45 ; N. 10 .35 . 8 'J3^14^2626 r e 9ui res :
C, 5 9 .5 ;  H, 5 .4 ;  N, 1 0 .7 # ) ,  6  (dmso-d6 ) 1 1 .0 °  (1H, s, NH), 7 .35
(5H, s, ArH), 4 .15  (2H, q, CH2 ) ,  2.21 (3H^ s, SMe), 1 .2  (3H, t ,  CMe).
1-A ik v la m in o -1 -(a ry la m in G )-m e th y len e p ro p a n e d i'n it r i le s  
M e th y lam in o -(4 -ch lo ro p h en y lam in o )-m eth y len ep ro p an ed in itr i le
4 -C h lo ro p h e n y la m in o -(m e th y lth io )-m e th y le n ep ro p a n e d in itr i le  (7 .5  g, 0 .0 3 M ),  
methylamine (4 .8  ml o f a 27 .5#  u /v  s o lu t io n  in  ethanol = '1 . 3  g, 0 .0 4 2M ),  
and ethanol (25 ml) were heated under r e f lu x  fo r  6  hours. By t h a t  t im e ,  
p .m .r .  spectroscopy showed th a t  no s ta r t in g  m a te r ia l  ( re c o g n isa b le  from 
absorption- by i t s  SMe group) remained. The s o lu t io n  uas cooled and the
p r e c ip i t a t e  was r e c r y s t a l l is e d  from ethanol to give the product ' ( 4 . 9  g,
70%) , m.p. 188-90° (Found: C, 55-5; B, 3 .45 ; N, 23 .9 5 . C . /]H0 C1N/c. 1 1  y 4
re q u ire s :  C, 5 6 .8j H, 3 .9 ;  N, 24.17b), 6  (dmso-d ) 9 .3 °  (1H, b, Arl\IH),
8 .0 °  (1H, t j ,  FleNH), 7 .5 - 7 .0  (4H, m, ArH), 2 .83  (3H, s, NFle),
S im i la r  re a c t io n s  in  e th an o l,  using ap propria te  a r y la m in o - (m e th y l th io ) -  
e thylenes and e i t h e r  methylamine (27.57$ w/v e th a n o l ) ,  dimethylamine  
(25%, w/v in  w a te r ) ,  or ethylamine (70$ w/w in  w a te r ) ,  gave the fo l lo w in g  
compounds, a f t e r  the heating  times shown, which were not r e c r y s t a l l i s e d , 
unless otherw ise  s ta te d :
F le th y lam in o -(p h en y lam in o )-m eth y len ep ro p an ed in itr i le , a f t e r  7 hours. 
R e c r y s ta l l is a t io n  from ethanol gave the product (427$), m.p. 168-70°
(Found: C, 6 6 .7 5 ;  H, 5 .2 ;  l\l, 27 .95 .  re q u ire s :  C, 66 .65 ;
H, 5 .1 ;  N, 2 8 .2 5 $ ) ,  6  (dmso-d6 ) 9 .3 °  (1H, s, PhNH), 7 .8 5 °  ( 1 H, b r FleNH),
7 .0 - 7 .5  (5H, m, ArH), 2 .8  (3H, d, CHg).
3-lYlethylam ino-3-(4-chlorophenylam ino)-2-cyanopropenam ide (907$), m.p. 205 -7 °  
(Found: C, 5 3 .0 ;  H, 4 .6 ;  N, 2 2 .7 .  C H ClI^O re q u ire s :  C, 5 2 .7 ;
H, 4 .4 ;  N, 22.357$), a f t e r  24 hours.
3-lvlethylamino-3-(phenylamino)-2-cyanopropenamide (707$), m.p. 207 -9 °
(Found: C, 6 1 .4 ;  H, 5 .85 ; N, 2 5 .6 ,  C^H^N^O re q u ire s :  C, 6 1 .1 ;  H, 5 .6 ;
N, 25 . 97$), a f t e r  20 hours.
E th y la m in o -(4 -ch lo ro p h e n y la m in o )-m e th v le n ep ro p a n e d in it r i le . a f t e r  2 0  
hours. R e c ry s ta l l is a t io n  from ethanol gave the product (497$), m.p. 160 -63°
(Found: C, 58 .25; H, 4 .6 ;  N, 23.05* C^H^ ^CIN^ re q u ire s :  C, 5 8 .4 ;
H, 4 .5 ;  N, 22.77$)*
D im eth y lam in o -(4 -ch lo ro p h en y lam in o )-m eth y len ep ro p an ed in itr ile  (517$),
m.p. 216-8° (Found: C, 58 .55; H, 4 .6 ;  N, 23 .0 5 . C a lcu la ted  fo r
C H C1N : C, 58 .4 ;  H, 4 .5 ;  N, 22 . 77$), a f t e r  6  hours. FlcKusick,
32H eckert,  C a irns , Coffman^and Flower prepared th is  compound from 3 - ( 4 - c h lo r o -
phenylam ino)- 2 -c y a n o b u te n e d in i t r i le ,  and reported  a m e lt in g  p o in t  o f
2 24 -6 °  fo r  the pure compound.
Fiethy1 3-m ethylam ino-3-(4-brom ophenylam ino)-2-cyanopropenoate, a f t e r  6  
hours. R e c ry s ta l l is a t io n  from mothanol gave the product (597$), m.p.
149-50° (Found: C, 4 6 .55 ; H, 3 .6 ;  N, 1 4 .0 ,  re q u ire s :
C, 46 .45 ; H, 3 .9 ;  N, 13.557$), 6  (dmso-d6 ) 9 .2 °  (1H, s, ArNH), 8 .7 °
( 1 H, q, FleNH), 7 . 6 - 6 .9  (4H, A rH ), 3 .6  (3H, s, OMe), 2 . 8  (3H, d, NFle).
Methyl 3 -m ethy lam ino-3-(4 -ch lorophenylam ina)-2-cyanopropenoate  (847$), 
m.p. 150-52° (Found: C, 54 .65 ; H, 4 .S ; N, 15 .5 5 . ^ ' \ 2 ^ ' \ 2 ^ ^ ? p 2  re q u ire s :
C, 54 .25 ; \J, 4 .5 5 ;  N, 15.87$), a f t e r  6 hours.
Methyl 3 -m ethylam ino-3-(3 -ch lorophenylam ino)-2 -cyanopropenoate  (757$), 
m.p. 125 -6°  (Found: C, 54 .45; H, 4 .7 5 ;  N, 15 .75 . ^ 'i2^12^^3^2 r8Clui res :
C, 54 .25; H, 4 .5 5 ;  N, 15.87$), 6 (dmso-d6 ) 9 .2 5 °  (1H, s, ArNH), 8 .8 °
(1H, q, MeNH), 7 .5 - 6 .9  (4H, m, ArH), 3 .62  (3H, s, OMe), 2 .8 2  (3H, d, 
l\!Me), a f t e r  24 hours.
D im eth y lam in o -(p h en y lam in o )-m eth y len e p ro p an e d in ltr i le . which d id not 
p r e c ip i t a t e  when the re a c t io n  m ixture  was cooled a f t e r  6 hours. The 
so lven t was evaporated and the residue was r e c r y s t a l l is e d  from methanol 
to  g ive the product (387$), m.p. 184-5° (Found: C, 6 7 .5 ;  H, 5 .8 ;  N, 2 6 .2 .  
C12H12N4 recluiress C, 6 7 .9 ;  H, 5 .7 ;  N, 26.47$), 6 (dmso-d6 ) 9 .5 °
(1 H, s, NH), 6 .9 - 7 .4  (5H, m, ArH), 2 .95  (6H, s, NMe2 ) .
E thy lam in o -(p h en y lam in o )-m eth y len ep ro p an ed in itr i le  (947$), m.p. 140-43°  
(Found: C, 6 8 .2 ;  H, 5 .8 ;  N, 2 6 .6 .  2*^12^4 reclu^rss: 6 7 .9 ;  H, 5 .7 ;
N, 26.47$), a f t e r  24 hours.
3-D im ethylam ino-3-(4-ch lorophenylam ino)-2-cyanopropenam ide, a f t e r  30 
hours. R e c ry s ta l l is a t io n  from ethanol gave the product (207$), m.p.
162.-4° (Found: C, 54 .1 ;  H, 4 .8 ;  N, 2 1 .4 5 .  C H „C1N,0 re q u ire s :
I /L I O  *t
C, 54 .45 ; H, 4 .9 5 ;  N, 21.157$), 6 (dmso-d ) 9 .9 5 °  (1H, s, NH), 7 .5 - 6 . 9  
(4H, ArH), 6 .5  (2H, s, NH ) ,  2 .73  (6H, s, NMe ) .
Methyl 3 -m ethylam ino-3-(phenylam ino)-2-cyanopropenoate . a f t e r  6 hours.  
R e c r y s ta l l is a t io n  from methanol gave the product (577$), m.p. 1 27 -9 °  
(Found: C, 6 2 .7 ;  H, 6 .0 ;  N, 1 8 .2 .  C H N^O re q u ire s :  C, 6 2 .3 ;— ( jL i *j wj Z
H, 5 .6 5 ;  N, 18.27$), 6 (dmso-d ) 9 .2 °  (1H, s, ArNH), 8 .6 °  (1H, s , MeNH),
7 .4 - 7 .0  (5H, m, ArH), 3 .6  (5H, s, OMe), 2 .75  (3H, s, NMe).
3-Methylam ino-3-(4-m ethylphenylam ino)-2-cyanopropenam ide (807$), 
m.p. 210-11° (Found: C, 6 2 .3 ;  H, 6 .0 5 ;  N, 2 4 .0 .  C ^H ^N ^O  re q u ire s :
C, 6 2 .6 ;  H, 6 .1 5 ;  N, 24.357$), a f t e r  20 hours.
3-Dim ethylamino-3-(phenylamino)-2-cyanopropenamide (547$), m.p. 1 6 4 -6 °  
(Found: C, 6 2 .8 ;  H, 6 .47 ; N, 2 4 ,4 5 .  C H^N^Q re q u ire s :  C, 6 2 .6 ;
H, 6 .1 5 ;  N, 24.357$), 6 (dm so -d6 ) 1 0 .2 °  ( iH ,  s ,  NH), 7 .4 - 6 .9  (5H, m, A rH ),  
6 .5 5 e (2H, s ,  NH2 ) , 2 .82  (6H, s ,  NMe2) .
3-Ethylamino-3~(phenylamino)-2-cyanopropenamide (7 0 $ ) ,  m.p. 134-7°  
(Found: C, 6 2 .6 ;  H, 6 .0 ;  N, 24 .5 5 . C^H^N ^O  re q u ire s :  C, 6 2 .6 ;
H, 6 .1 5 ;  N, 2 4 .3 5 $ ) ,  a f t e r  24 hours.
I
E thy l 3 -m ethy lam ino~3-(3 , 4 -d ich lorpphenylam ino)-2 -cyanopropenoate , 76,  
a f t e r  20 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (6 7 $ ) ,  
m.p. 143-6° (Found: C, 49 .85 ; H, 4 .2 ;  N, 1 3 .1 .  ^  3 *^1 3 ^ 2 ^ 3 ° 2  rB9u^rBc:
C, 4 9 .7 ;  H, 4 .1 5 ;  N, 13.4).,  6 (dmso-d6 ) 9 .2 8 (1H, s, ArNH), 8 .8 °
(1H, b, MeNH), 7 .5 5 -6 .9  (3H, m, ArH), 4 .2  (2H, q, 0CH2 ) ,  2 .7 5  (3H, d, 
3=3Hz, NMe), 1 .12  (5H, t ,  C-Me).
Methyl 3 -d im ethylam ino-3 - (4-bromophenylamino)-2-cyanopropenQate, a f t e r  
20 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (4 6 $ ) ,  
m.p. 138-40° (Found: C, 4 8 .3 ;  H, 4 .3 5 ;  N, 1 3 .3 .  C H ,BrN„0„ re q u ire s :
1 J I ^  J ^
C, 4 8 .1 5 ;  H, 4 .3 5 ;  N, 1 2 .9 5 $ ) .
Methyl 3-ethylam ino-3-(4-brom ophenylam ino)-2-cyanopropenQate, a f t e r  
20 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (5 1 $ ) ,  
m.p. 144-5° (Found: C, 4 8 .2 ;  H, 4 .2 5 ;  N, 13 .15. C _ H . . BrN„0o re q u ire s :
1 O 1 4  O Z
C, 48 .15 ; H, 4 .3 5 ;  N, 1 2 .9 5 $ ) .
Methyl 3 -e thy lam ino-3 -(4 -ch lo rophenylam ino)-2 -cyanopropenoate  (8 5 $ ) ,  
m.p. 146-7° (Found: C, 55 .55; H, 5 .0 ;  N, 1 5 .1 .  3H14C1N30 2 re q u ire s :
C, 5 5 .8 ;  H, 5 .0 5 ;  N, 1 5 .0 $ ) ,  a f t e r  6 hours.
Methyl 3 -e thy lam ino-3 -(5 -ch lo rophenylam ino)-2 -cyanopropenoate  (8 6 $ ) ,  
m.p. 109-11° (Found: C, 55 .95; H, 5 .1 ;  N, 14 .75 . 0 ^ 9 ^ 0 ^ 2 0 2  re q u ire s  
C, 55.8; H, 5 .0 5 ;  N, 1 5 .0 $ ) ,  a f t e r  24 hours.
Methyl 3 -m ethy lam ino-3-(3 -m ethylphenylam ino)-2 -cyanopropenoate . a f t e r  
6 hours. R e c ry s ta l l is a t io n  from ethanol gave the product (6 7 $ ) ,  
m.p. 119-21° (Found: C, 6 3 .2 ;  H, -5.95; N, 1 6 .8 .  C13H15N30 2 re q u ire s :
C, 63 .65 ; H, 6 .1 5 ;  N, 1 7 .1 5 $ ) .
' Methyl 3 -m ethylam ino-3-(4-m ethylphenylam ino)-2-cyanopropenoate  (9 2 $ ) ,  
m.p. 158° (Found: C, 63 .25 ; H, 6 .0 5 ;  N, 1 7 .4 .  C^3H^3N302 re q u ire s :
C, 63 .65 ; H, 6 .1 5 ;  N, 1 7 .1 5 $ ) ,  a f t e r  24 hours.
3-Ethylam ino-3-(4-m ethylphenylam ino)-2-cyanopropenam ide (60?$), 
m.p. 142-4° (Found: C, 6 3 .7 ;  H, 6 .5 5 ;  N, 2 3 .1 .  C^H^N ^O  re q u ire s :
C, 6 3 .9 ;  H, 6 .6 ;  N, 22.95?$), a f t e r  24 hours.
I
Methyl 3-ethylam ino-3-(4--m ethylphenylam ino)2-cyanopropencate  (89?$), 
m.p. 156-8°  (Found: C, 65 .15; H, 6 .35 ; N, 16 .05 . C ^H^N ^O^ re q u ire s :  
C, 64 .85 ; H, 6 .6 ;  N, 16.2?$), a f t e r  24 hours.
Methyl 3 -e thy lam ino-3-(3-m ethylphenylam in@ )-2-cyanopropenoate  (83?$), 
m.p. 117-20° (Found? C, 64 .85; H, 6 .5 ;  M, 16 .45 . rBC!u^r8s:
C, 64 .85; H, 6 .6 ;  M, 16.2?$), a f t e r  24 hours.
Benzaldehyde m e th y l - (2 , 2 -d ic y a n o -1 -m e th y lth io e th e n y l) -h y d ra zo n e , 121 
Methyl hydrazine (4 .6  g, 0.1M) was added cau t io u s ly  to benzaldehyde  
(1 0 .2  ml, 10.6  g, 0.1M) in  butanol (1 7 .5  m l) ,  causing the  s o lu t io n  
to become very h o t.  The s o lu t io n  was heated under r e f lu x  f o r  15 minutes  
and then added. to a suspension o f b is - (m e th y lth io )-m e th y len e p ro p a n e -  
d i n i t r i l e  (17 g, 0.1M) in  butanol (8 2 .5  m l) .  The s o lu t io n  uas heated  
under r e f lu x  fo r  6 hours and then cooled to approx. 5 ° ,  to p r e c ip i t a t e  
the product (11 g, 43?$), m.p. 159-60° (Found: C, 60 .6 ;  H, 4 .6 5 ;
N, 2 1 .9 5 .  C ^ H ^ N ^ S  re q u ire s :  C, 6 0 ,9 ;  H, 4 .7 ;  N, 21.85?$), 6 (dmso-d^)
8 .2 5  (1H, s, CH), 7 .9  and 7 .45  (5H, m, ArH), 3 .7  (3H, s, NMe), 2 .5 5  
(3H, s, SMe).
Benzaldehyde m e th y l- ( l -m e th y la m in o -2 ,2 -d ic y a n o e th e n y l) -h y d ra zo n e , 141 
Benzaldehyde m e th y l- (2 ,2 -d ic y a n o -1 -m e th y lth io e th e n y l) -h y d ra z o n e  ( 2 .6  g, 
0.01M ), methylamine (0 .4 5  g, 0.015M) and ethanol (24 ml) were heated  
under r e f lu x  fo r  2^ hours and then cooled to  room tem perature to  p r e c i ­
p i t a t e  the product (2 .4  g, 100?$), m.p. 2 1 6 -8 ° .  R e c r y s ta l l is a t io n  from
2-methoxyethanol gave the product (1 ,8  g, 75?$), m.p. 218-20° (Found:
C, 6 5 .4 ;  H, 5 .25 ; N, 2 9 .1 5 .  C.^H.^N.. re q u ire s :  C, 65 .25; H, 5 .5 ;_ 1 o 1 4 o
N, 29.25?$), 6 (dmso-d ) 8 .2 °  ( iH ,  s, NH),. 8 .0 5  (1H, s, PhCH=), 7 .4  
and 7 .8 5  (5H, m, ArH), 3 .43  (3H, s, N-NMe), 3 .03  (3H, s, NMe).
Heating benzaldehyde m e th y l- (2 ,2 -d ic y a n o -1 -m e th y lth io e th e n y l) -h y d ra z o n e  
s im i l a r ly ,  w ith  a p p ro p ria te  amines gave the fo l lo w in g  compounds, a f t e r  
the  times shown:
Benzaldehyde m e th y l- ( 1-d im ethylam ino-2 ,2~dicyanoethenyl)~hydrazone (77/$), 
m.p. 127-8°  (Found: C, 6 6 .6 ;  H, 6 .1 ;  N, 2 8 .0 .  C H  I t  re q u ire s :
tZ I H  I O O
C, 6 6 .4 ;  H,^ 5 .9 5 ;  N, 27.65?$), 6 (dmso-d ) 8 .0 5  (1H, s, CH), 7 .8  and 7 .4 5
(5H, m, ArH), 3 .4  (3H, s, NMe), 3.1 (6H, s, NMe^)? a f t e r  4 hours.
Benzaldehyde m e th y l- f ( l -e th y la m in o ) -2 ,2 -d ' ic y a n o e th e n v l1 -h y d ra zo n e  (71?$),
m.p. 199-200° (Found: C, 66 .35 ; H, 6 .3 ;  N, 27 .95 .  C ,H Nr re q u ire s :
14 15 o
C, 6 6 .4 ;  H, 5 .9 5 ;  N, 27.65?$), a f t e r  7 hours.
Benzaldehyde methyl-1" ( 1-p  ropy lamino ) - 2 , 2 -d icyan o eth en y ll-h yd raZ o n e  (69?$), 
m.p. 127-8°  (Found: C, 6 7 .6 ;  H, 6 .4 ;  N, 26 .5 5 . C.-H.^N,. re q u ire s :3
C, 6 7 .4 ;  H, 6 .4 ;  N, 26.2?$), a f t e r  7 hours.
Benzaldehyde m e th y I- (2 > 2 ^ d ic v a n Q -1 -p ip g r id in -1 -y l-e th e n y l) -h y d ra z o n e  (44?$)
m.p. 181-3°  (Found: C, 7 0 .0 ;  H, 6 .2 ;  N, 2 3 .9 .  C ._H .nN_ re q u ire s :1 ( iy  o
C, 6 9 .6 ;  H, 6 .5 5 ;  N, 23.85?$), 6 (dmso-d ) 8 .0  (1H, s, CH), 7 .8  and 7 .4 5  
(5H, m, ArH), 3 .4  (7H, b, MeN and -CH2NCH2- ) ,  1 .65  (6H, b, -CH2CH2CH2- ) , 
a f t e r  5 hours.
3 . 5 -D ia m in o p y ra z o le -4 -c a rb o n itr i le s
3 , 5 -D ia m in o p y ra z o le -4 -c a rb o n i t r i le ,  44
1) Oust s u f f i c i e n t  c_-hydrochloric acid  (19 ml, approx.*) was added to  
a s o lu t io n  o f hydrazine hydrate (1 0 .5  ml, 10.7  g, 0.215M) in  w ater  
(35 ml) to give pH 1 -2 .  Potassium tricyanom ethanide (30 g, 0.23M)  
was added, and the s o lu tio n  was heated under r e f lu x  f o r  3 hours.
A tra c e  o f s o l id  was f i l t e r e d  o f f  and the f i l t r a t e  was cooled to  
0° to p r e c ip i t a t e  the product, 44 (1 5 .9  g, 60?$), m.p. 155 -65°  
(Found: C, 38 .75; H, 3 .95 ; N, 5 6 .8 .  C a lcu la ted  fo r  C ^ N ^ :  C, 3 9 .0 ;  
H, 4 .1 ;  N, 56.9?$). R e c ry s ta l l is a t io n  of a sample from e thano l  
gave the product, m.p. 1 67 -9 ° .  The i . r .  spectra  o f the two batches  
were id e n t ic a l .
2 ) A m in o -(m eth y lth io )-m eth y le n e p ro p an e d in itr i la  (0 .7  g, 0 .005M ),  
hydrazine  hydrate  (0 .3  ml, 0.31 g, 0 .0051M ), and water (4 m l) 
were heated under r e f lu x  fo r  2 hours. The s o lu t io n  was cooled to  
p r e c ip i t a t e  3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n i t r i le ,  44 ( 0 .3  g, 48?$), 
m.p. 1 7 1 -4 ° .  The i . r .  spectrum o f the product was i d e n t i c a l  w ith  
th a t  o f the sample prepared by the  method described above.
M a r t in ,  Schwarz,. Rackow, Reich, and Grtlndemann"" reported  the  
m elt in g  p o in t  of 3 , 5 -d ia m in o p y rq z o le -4 -c a rb o n it r i le  to  be 1 7 0 -7 1 ° ,  
and Middleton and E n g e lh a rd t^ ^  reported  i t  to be 169 -7 0 ° .
/
3 . 5-Diam ino-1-m ethylp y ra z o le -4 -c a rb o n i t r i l e . 135
1) c_-Hydrochloric acid  (9 ml approx.)  was added to a s o lu t io n  o f  
methyl hydrazine (4 .6  g, 0.1M) in  .water (15 ml) u n t i l  the pH
ju s t  changed to 4 -5 .  Potassium tricyanom ethanide (14 g, 0 . 1 1M) was
added and the s o lu t io n  was heated under r e f lu x  fo r  16 hours.
The s o lu t io n  was cooled to 0° to p r e c ip i t a t e  the p ro d u c t. 135
( 8 .4  g, 61?$), m.p. 194° decomp. (Found: C, 44 .05; H, 5 .0 ;  N, 5 1 .1 5 .
C^H^Ng re q u ire s :  C, 4 3 .8 ;  H, 5 .15 ; N, 51.05?$), 6 (dmso-d^)
6 .2 °  (2H, b, NH ) ,  4 .9 e (2H, b ,N H  ) ,  3 .3  ( 3H, s, Me). The i . r .
spectrum (KC1 d is c )  o f the product showed a sharp, s in g le t ,  CN 
-1peak a t  2240 cm .
2) 3 . 5 -D ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le . 135 (58?$), m.p. 1 9 7 -8 ° ,  
was also prepared from a m in o -(m e th y lth io ) -m e th y le n e p ro p a n e d in it r i le  
in  a s im i la r  way to 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n i t r i le .
3) 3 , 5 -D ia m in o p y ra z ® le -4 -c a rb o n itr i le  (6 .1  g, 0 .05M ), iodomethane
(3 .1  ml, 7.1 g, 0 .05M ), potassium carbonate, anhyd. ( 7 .6  g, 0 .055M ),  
and acetone were s t i r r e d  a t  room temperature fo r  18 hours. The 
m ixture  was f i l t e r e d  and the f i l t r a t e  uas evaporated to le a v e  a 
viscous o i l ,  which was d isso lved in  water (10 m l) .  The s o lu t io n  
was l e f t  a t  0° fo r  a few hours to give a p r e c ip i t a t e  o f 3 , 5 -d iam in o -
1 -m e th y lp y r a z o le -4 -c a r b o n i t r i le , 135 (1 .1  g, 16?$), m.p. 1 9 2 -4 ° .
4 ) Dimethyl sulphate (.4.7 ml, 6 .2  g, 0.05M) was added slowly to  a 
s o lu t io n  of 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n it r i le  (6 .1  g, 0.05M) in  
IjVsodium hydroxide (50 ml, 0 .05M ), causing a small r i s e  in  
tem perature . The m ixture  was heated under r e f lu x  fo r  2\  hours 
and then evaporated to dryness. The residue was r e c r y s t a l l i s e d  
from water to  give 3 , 5 -d ia m in o -1 -m e th y lp y r a z o le -4 -c a r b o n i t r i le , 135 
( 1 .3  g, 19?$), m.p. 194 -6 ° .
3 .5 -D ia m in o -1 -e th v lp y r a z o le -4 -c a r b o n i t r i le  was obtained in  an impure 
form by the e th y la t io n  of 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n i t r i le  and used 
in  fu r t h e r  reac tio n s  (see page 160).
3, 5 -D ia m in o -1 - (2 -h y d ro x y e th y l) -p y ra z o le ~ 4 ~ c a rb o n i t r i le , 42
^ -H y d ro c h lo r ic  acid  (18 ml approx.)  was added to a s o lu t io n  o f 2 -hydroxy -
e th y lh yd raz in e  (1 3 .6  ml, 15 .2  g, 0.2M) in  water (35 ml) u n t i l  the  pH
ju s t  changed to  1P Potassium tricyanom ethanide (27 g 0.21M) was added
and the s o lu t io n  was heated under r e f lu x  f o r  20 hours. A t ra c e  o f s o l id
was f i l t e r e d  o f f  and the f i l t r a t e  was concentrated a t  reduced pressure
to  leave  a m ixture  o f o i l  and s o l id .  The m ixture  was e x tra c te d  w ith
acetone (50 ml and 20 m l) .  The f i l t r a t e  was d r ied  over magnesium
sulphate and evaporated. R e c r y s ta l l is a t io n  o f the residue from ethano l
gave the p ro d u c t, 42. (20 g, 6 0 $ ) ,  m.p. 128-9° (Found: C, 4 2 .9 ;  H, 5 .4 ;
N, 4 2 .4 .  C Hnl\L0 re q u ire s :  C, 4 3 .1 ;  H, 5 .45 ; l\l, 4 1 .9 $ ) .  The i . r .  u y o
spectrum (KC1 d is c )  o f the product showed doublet CI\! absorption  a t  
-12210 and 2230 cm . The p .m .r .  spectrum o f the product in  s o lu t io n
6 0
showed two resonances o f exchangeable protons: 6 (dmso-d ) 6 .2  
(2H, b, NH2 ) ,  4.9® (2H, b, NH2 ) .
3 . 5 -D ia m in o -1 -p ro p y lp y ra z o le -4 -c a rb o n i t r i le
Potassium carbonate (5 .2  g approx .)  was added gradua lly  to a s o lu t io n
of n -p ropy lhydraz ine  sulphate (13 g, 0.0751*1) in  water (30 ml) u n t i l  the
pH o f the m ixture  changed from 1 to 7. A few drops o f c_-hydrochloric
acid  were added to re tu rn  the pH to 3. Potassium tricyanom ethanide
(1 0 .6  g, 0.08M) was added and the s o lu t io n  was heated under r e f lu x  fo r
55 hours. Potassium sulphate was f i l t e r e d  o f f  and the f i l t r a t e  was
evaporated to leave  a waxy s o l id  which was red isso lved  in  acetone
(50 m l) .  A fu r t h e r  tra c e  o f potassium sulphate was f i l t e r e d  o f f  and
the acetone was evaporated. The crude product was r e c r y s t a l l i s e d  from
ethanol to give white  c ry s ta ls  (3 .9  g, 3 1 $ ) ,  m.p. 108-9° (Found: C, 50 .6 5 ;
H, 6 .45 ; N, 4 2 .0 .  C_H..!\L re q u ire s :  C, 50 .9 ;  H, 6 .7 ;  N, 4 2 .4 $ ) .  A/ l i b
second crop of product (2 .3  g, 18$) melted a t  107-9 .
3 . 5 -D ia m in o -1 - (1 , 1 - d io x o - 3 - t h io la n v l ) - p y r a z o le - 4 - c a r b o n l t r i l e
3 -H y d raz in o -1 , 1 -d io x o th io lan e  hydroch loride  (40 g, 0.211*1), potassium  
tr icyanom ethanide (28 g, 0.22l*l), and water (100 ml) were heated under 
r e f lu x  fo r  14 hours. The m ixture  was cooled and the p r e c ip i t a t e  (3 6 .5  g, 
70$) was r e c r y s ta l l is e d  from d im ethylsu lphox ide /w ater to g ive the  product  
(2 2 .6  g, 4 3 $ ) ,  m.p. 229-31° (Found: C, 39 .45 ; H, 4 .7 5 ;  N, 2 9 .3 .
^8^11^5^2^ reclui rGs: 3 9 .8 ;  H, 4 .6 ;  l\l, 2 9 .0 5 $ ) .
3 . 5 -D ia m in o -1 -b u ty lp y r a z o le -4 -c a r b o n i t r i le , was prepared in  a s im i la r  
way to the 1 -p ro p y l analogue. The reafction m ixture  was heated fo r
18 hours. The product separated as an o i l ,  which c r y s t a l l i s e d  on 
co o lin g , i t  was f i l t e r e d  o f f ,  to g e th e r  w ith  potassium su lphate ,  
washed thoroughly w ith  water and r e c r y s t a l l is e d  from ethanol to g ive  the  
product (4 2 $ ) ,  m.p. 134-5° (Found: C, 54 .05 ; H, 7 .2 5 ;  fJ, 3 9 .2 5 .
re q u ire s :  C, 53 .6 ;  H, 7 .3 ;  N, 3 9 .1 $ ) .  A second crop of product 
(15$) melted a t  1 3 3 -5 ° .
This compound was a lso prepared from 3 , 5 -d i .a m in o p y ra z o le -4 -c a rb o n it r i le  
and iodobutane. The sample was not p u r i f i e d ,  but was used to  prepare  
a pyrazo lopyrim id inone in  low y ie ld  (see page 1 68 ) .
3 . 5 -D ia m in o - 1 - ( 5 - c h lo r o - 3 - n i t r o - 2 - p y r id y l ) - p y r a z o le - 4 - c a r b o n i t r i l e  
5 -C h lo ro -2 -h y d ra z in o -3 -n i t ro p y r id in e  (8 g, 0.042lvl ) ,  potassium t r ic y a n o ­
methanide (6 g, 0.046lvl ) ,  D -hydroch loric  acid  (4 ml, 0.044P1 a p p ro x . ) ,
and water (70 ml) were heated under r e f lu x  fo r  8 hours. The p r e c ip i t a t e  
(10 g, 8 5 $ ) ,  m.p. 245 -5 6 ° ,  was r e c r y s t a l l is e d  from dimethylformamide  
to  give the red product (5 .5  g, 4 6 $ ) ,  m.p. 259-60° (Found: C, 38 .35 ;
H, 2 .5 ;  N, 3 4 .9 .  CgH6Cll\l702 re q u ire s :  C, 38 .65 ; H, 2 .1 5 ;  N, 3 5 .0 5 $ ) .
S im i la r  re a c t io n s ,  w ith  a p p ro p ria te  a ry lh y d ra z in e s ,  gave the  fo l lo w in g  
compounds, a f t e r  the times shown:
3 . 5 -D ia m in o -1 - (2 , 4 , 6 - t r i c h lo r o p h e n v l ) - p y r a z o le - 4 - c a r b o n i t r i le , 41
(6 7 $ ) ,  a f t e r  9 hours. R e c r y s ta l l is a t io n  from 2-propanol gave the  product
(2 6 $ ) ,  m.p. 205 -6°  (Found: C, 4 0 .0 ;  H, 1 .9 ;  N, 22 .9 5 . Cl nHcCl,J\!c1U b 3 b
re q u ire s :  C, 3 9 .7 ;  H, 2 .0 ;  l\l, 2 3 .1 5 $ ) .  The i . r .  spectrum of a second
—1crop o f product showed doublet CN absorption a t  2180 and 2210 cm , 
probably in d ic a t in g  the presence o f some uncyclised a m in o - (2 ,4 ,6 -  
t r ic h lo ro p h e n y lh y d ra z in o )-m e th y le n e p ro p a n e d in i t r i le .
3 . 5 -D ia m in o -1 - (3 -n i t r o p h e n y l ) -p y r a z o le -4 -c a r b o n i t r i le  (7 4 $ ) ,  a f t e r  8 
hours. R e c ry s ta l l is a t io n  from 2-m ethoxyethanol/water gave the  y e llo w  
product (6 0 $ ) ,  m.p. 247 -8°  (Found: C, 4 8 .9 ;  H, 3 .45 ; N, 3 3 .9 5 .  
re q u ire s :  C, 4 9 .2 ;  H, 3 .3 ;  N, 3 4 .4 $ ) .
5 hours. R e c r y s ta l l is a t io n  from dimethylformamide gave a ye llow  
p r e c ip i t a t e ,  which was washed w ith  water to g ive the red product  
(4 0 $ ) ,  m.p. 305° decomp. (Found: C, 49 .15 ; H, 3 .1 5 ;  N, 3 4 .1 5 .
C H !\! 0o Requires: C, 4 9 .2 ;  H, 3 .3 ;  N, 3 4 .4 $ ) .IU u D Z.
3 5 -D ia m in o -1 - (p h e n y l ) -p y ra z o le -4 -n a r b o n it r i le  (7 2 $ ) ,  a f t e r  15 hours. 
R e c r y s ta l l is a t io n  from 2-methoxyethanol gave the product (2 4 $ ) ,  m.p. 
207-8°  (Found: C, 60o5; H, 4 .7 5 ;  l\l, 3 5 .0 5 .  re q u ire s :  C, 6 0 .3 ;
H, 4 .5 5 ;  l\l, 3 5 .1 5 $ ) ,  A second crop o f product (14$) melted a t  2 0 6 -8 ° .
3 , 5-Diam inopyrazole-4-carboxam ides
3 , 5 -D iam ino-1-m ethylpyrazo le -4 -carboxam ide, 62
jc -H ydrochloric  acid  (9 ml approx.)  was added to  a s o lu t io n  o f  m e th y l-  
hydrazine (4 .6  g, 0 . in )  in  water (15 ml) u n t i l  the pH ju s t  changed to  2 .  
Potassium s a l t  o f dicyanoacetamide (16 g, 0.1081^) was added and the  
s o lu t io n  was heated under r e f lu x  fo r  40 hours. The s o lu t io n  was cooled. 
Scratching induced c r y s t a l l i s a t io n  o f the product (6 .4  g, 4 1 $ ) ,  
m.p, 2 1 3 -5 ° .  R e c ry s ta l l is a t io n  from 2 -p ropano l/w ate r  gave the p ro d u c t /  62 
(3 g, 1 9$ ),  m.p. 213-5°  (Found: C, 3 8 .3 ;  H, 5 .75 ; N, 4 4 .8 5 .  C ^ N g O  
re q u ire s :  C, 3 8 .7 ;  H, 5 .85 ; l\l, 4 5 .1 5 $ ) .
The in f lu e n c e  o f pH on t h is  re a c t io n  was in v e s t ig a te d  as fo l lo w s :
In  each o f a s e r ie s  of experiments, s u f f i c i e n t  c ,-hydrochloric  ac id  was 
added to  a s o lu t io n  o f methyl hydrazine (2 .3  g) in  water to  g ive the  
i n i t i a l  pH shown in  Table I I .  A pH b u ffe r  was added in  some cases, 
fo llow ed by potassium s a l t  o f dicyanoacetamide (8 g ) .  The s o lu t io n  
was heated under r e f lu x  fo r  66 hours. I f  a p r e c ip i t a t e  formed d uring  
t h is  t im e , a sample was removed and i d e n t i f i e d  by i . r .  spectroscopy.
At the end o f  the re a c t io n  p e r io d , the pH o f the s o lu t io n  was checked 
again and the  m ixture  was cooled to 0 ° .  I f  no p r e c ip i t a t e  was p re s e n t ,  
the s o lu t io n  was adjusted to pH 7. Any p r e c ip i t a t e  was f i l t e r e d  o f f  
and i d e n t i f i e d .
Table I I  -  In f lu e n c e  o f pH on the re a c t io n  of m ethylhydrazine w ith  the  
potassium s a l t  of dicyanoacetamide
B u ffe r  I I n i t i a l
pH
F in a l
pH Products3 ( y ie ld )
Excess js-HCl (1 ml) 1 6 pyrazo le  (1 .6  g)
None 7 7 pyrazo le  (0 .5  g ) ,  s a l t
AcOH (1 ml) + 10H-Na0H (0 .4  ml) 4 5 pyrazo le  ( 0 .5  g ) ,  s a l t
HC0 H ( 1  ml) + 10N-Na0H . (0 .4  ml) 3 4 . in te rm e d ia te ,  s a l t
Excess NeNHr\lH9 (1 ml) 8 8 p yrazo le  ( 0 . 5  g ) ,  s a l t
Excess .£-HCl (5 ml) 1 5 none
a) s a l t :  potassium s a l t  o f dicyanoacetamide
in te rm e d ia te :  3 -am ino-3-(m ethylhydrazino)-2-cyanopropenam ide  
(Found: M+ , 155 .0784. CgHgNgO re q u ire s :  M+ , 1 55 .0807 ) .
b) In te rm ed ia te  was found a f t e r  40 hours, but was no longer p resent  
a f t e r  66 hours.
3 .5 -D ia m in o -1 - (4 -n it ro p h e n y l) -p y ra z o le -4 -c a rb o x a m id e
4 -N itro p h en y lh yd raz in e  (1 .5  g, O.OIM), potassium s a l t  of dicyanoacetamide  
(1 .6  g, 0.0111*1), c_-hydrochloric acid  (1 m l) ,  and water (15 ml) were 
heated under r e f lu x  fo r  8 hours,, to give an orange-red p r e c ip i t a t e  
(1 .7  g, 6 6$ ) .  R e c ry s ta l l is a t io n  from dim ethyl formamide/water gave the  
pure product (1 g, 3 9$ ) ,  m.p. 278-9°  (Found: C, 4 5 .6 ; 'H ,  3 .8 5 ;  N, 3 1 .9 .  
^10^10^6°3 reclui res: 4 5 .8 ;  H, 3 .85 ; N, 3 2 .0 5 $ ) .
3 . 5 -D iam ino-1-phenylpyrazo le-4 -carboxam ide
1) c_-Hydrochloric acid  (approx. 20 ml) was added to a m ixture  o f  
phenylhydrazine (2 1 .6  g, 0.2M) and water (200 ml) u n t i l  the pH 
changed to 1. S u f f ic ie n t  aqueous sodium hydroxide was added to  
re tu rn  the pH to 4. Potassium s a l t  o f dicyanoacetamide (30 g, 
0.205M) was added and the s o lu tio n  was heated under r e f lu x  f o r  
30 hours and then cooled to  0 ° .  Scratching induced c r y s t a l l i s a t i o n  
o f a brownish-white  s o l id  which was r e c r y s ta l l is e d  from methanol 
to  g ive the product (1 2 .4  g, 2 9 $ ) ,  m.p. 182-3° (Found: C, 5 5 .6 ;
H, 5 .25 ; N, 3 2 .3 .  C^H^NgO re q u ire s :  C, 55 .3 ;  H, 5 .1 ;  N, 3 2 .2 5 $ ) .
A second crop o f product (5 .5  g, 12$) melted a t  1 7 6 -8 ° .
2) 3 , 5 -D ia m in o -1 -p h e n y lp y ra z o le -4 -c a rb o n it r i le  (2 g, O.OIPl) was heated
w ith  ijfa-sodium hydroxide (20 ml, 0 .02n ) fo r  2 hours. The f i x t u r e  
was a c id i f i e d ,  w h ile  ho t, w ith  ^ -h y d ro c h lo r ic  acid and a t ra c e  of  
in s o lu b le  s o l id  was f i l t e r e d  o f f .  The f i l t r a t e  was cooled and 
n e u tra l is e d  by the a d d it io n  of potassium carbonate to give the product 
(2 .1  g, 97%),  m.p. 182-3° (Found: C, 55 .55; H, 5 .1 5 ,  l\l, 3 2 .3 5 .  
^10^11^5^ reclui res : 5 5 .3 ;  H, 5 .1 ;  N, 3 2 .2 5 $ ) .
The i . r .  spectra  o f the products obtained in  these two ways were 
i d e n t i c a l .
3 . 5-Diaminopyrazole-4-[\!-methylcarboxamide
c_-Hydrochloric acid (approx. 50 ml) was added to  a s o lu t io n  o f  hydrazine  
hydrate (24 ml, 24 .7  g, 0.495M) in  water (72 ml) u n t i l  the pH o f the  
s o lu t io n  ju s t  changed to 1 -2 .  Potassium s a l t  o f N_-methyldicyanoacetamide 
(8 7 .4  g, 0.551*)) was added, fo llow ed by a l i t t l e  more h yd ro ch lo r ic  acid  
to  n e u t r a l is e  potassium carbonate present as an im p u rity  in  the acetamide  
s a l t ,  and give again pH 1 -2 .  The s o lu t io n  was heated under r e f lu x  fo r  
20 hours and then f i l t e r e d  hot and cooled to 0° to  give a p r e c ip i t a t e  
of the product (2 9 .3  g, 3 8$ ),  m.p. 175 -82° .  R e c r y s ta l l is a t io n  from 
80:20 e th an o l:w ater  gave the product (20 g, 2 6 $ ) ,  m.p. 1 81 -2 °  (Found:
C, 38 .8 ;  H, 6 .0 ;  l\l, 4 4 .9 .  C5HgN50 re q u ire s :  C, 38 .7 ;  H, 5 .8 5 ;  N, 4 5 .1 5 $ ) .
3 . 5-Diaminopyrazole-4-l\l-phenylcarboxamide
N-phenyldicyanoacetamide (10 g, 0 .05M ), methyl hydrazine ( 2 .3  g, 0.051*1)
and water (30 ml) were heated under r e f lu x  fo r  66 hours and then cooled
to room tem perature. The p r e c ip i t a t e  was r e c r y s ta l l is e d  from ethano l
to  give thb product (3 .2  g, 2 8 $ ) ,  m.p. 174-6° (Found: C, 5 7 .1 5 ;  H, 5 .8 5 ;
N, 3 0 .2 .  C .H„-N..0 re q u ire s :  C, 57 .15; H, 5 .6 ;  N, 3 0 .3 $ ) .I l l o o
E th y l 3 . 5 -d ia m in o -1 -m e th y lp y ra zo le -4 -c a rb o x y la te . 87
S u f f ic ie n t  c^-hydrochloric acid  was added to a s o lu tio n  o f methyl hydraz ine  
(4 .6  g, 0.11*1) in  water (15 ml) to give pH 3. Potassium s a l t  o f e th y l  
dicyanoacetate  (18 g, 0.1021*1) was added and the so lu t io n  was heated  
under r e f lu x  fo r  68 hours. bJhen the s o lu t io n  was cooled, a m ix tu re  o f  
product and potassium s a l t  o f e th y l  d icyanoacetate  was p r e c ip i t a t e d .
The m ixture  was f i l t e r e d  o f f ,  d r ied  and ex trac ted  w ith  ch loro form .  
Evaporation o f the chloroform l e f t  the p ro d u c t. 87 (5 .4  g, 29$) m.p. 
1 2 5 -3 0 ° ,  conta in ing  about 4$ o f potassium s a l t  o f e th y l  d ic ya n o a ce ta te .
The presence o f the s ta r t in g  s a l t  was shown by the appearance o f a very  
weak doublet -CN absorption in  the i . r .  spectrum of the product 
(Found: C, 4 5 .3 ;  H, 7 .0 ;  N, 30 .05 . + 4^ w/u C ^ K N ^
re q u ire s :  c/, 4 5 .5 ;  H, 6 .4 ;  I\l, 29.9556).
S -E th y l 3 , 5~diamino‘-1 -p h e n v lp vrazo le~ 4 -ca rb o xv th io a te ,J 68 
js-Hydrochloric  acid (approx. 3 ml) was added to a suspension of phenyl 
hydrazine (3 .6  g, 0.0331^) in  hot water (20 ml) u n t i l  the pH o f the  m ixture  
ju s t  changed to 1 -2 .  Potassium s a l t  o f S -e th y l  d icyanoethaneth io ate  
(6 .4  g, 0.033M) was added and the s o lu tio n  was heated under r e f lu x  . 
fo r  22 hours. The viscous o i l  which separated was t r i t u r a t e d  w ith
2-propanol to g ive the product (2 g, 23%).  R e c r y s ta l l is a t io n  from 
80:20 e th an o l:w ater  gave the product (1 .3  g, 1556), m.p. 131 -3°
(Found: C, 55 .2 ;  H, 5 .6 ;  l\l, 2 1 .2 5 .  C^H^N^OS req u ires : C, 54 .95 ;
H, 5 .4 ;  N, 21.355Q.
3 (5 ) -a m in o -5 (3 ) -m e th y lth io p y r a z o le -4 -c a r b o n i t r i le s
c 20 c5 -A m in o -3 -m e th y lth io p y ra z o le -4 -c a rb o n it r i le ,  113, m.p. 151-3  ( l i t .
150 -5 2 °)  (Found: C, 38 .85; H, 3 .7 ;  N, 3 6 .2 .  CcHcN.S re q u ire s :  C, 38 .95 ;
H, 3 .9 ;  N, 36.3556), 6 (dmso-d ) 6 .3 °  (2H, s, l\!H ), 2 .45  (3H, s, SMe),
50cwas prepared by the method of Gompper and TBpfl
3 - A m in o -1 -m e th y l-5 -m e th y lth io p y ra z o le -4 -c a rb o n it r i le , 122 
Benzaldehyde m e th y l- (2 ,2 -d ic y a n o -1 -m e th y lth io e th e n y l) -h y d ra z o n e  (27 g, 
0.105M) was heated w ith  I jV h y d ro c h lo r ic  acid (150 m l) .  Water and 
benzaldehyde were d i s t i l l e d  out o f the m ix tu re .  During d i s t i l l a t i o n ,  
more water (75 ml) was added to make up in  p a r t  fo r  the loss  o f s o lven t  
from the re a c t io n  m ix tu re . D i s t i l l a t i o n  was continued u n t i l  no more 
benzaldehyde came over ( t o t a l  volume of d i s t i l l a t e  ~ 150 ml approx.) '
and the re a c t io n  m ixture  was c le a r .  The s o lu t io n  was cooled and ad justed  
to  pH 7 w ith  sodium hydroxide s o lu t io n  and potassium carbonate . The 
p r e c ip i t a t e  was r e c r y s ta l l is e d  from e th an o l,  w h ile  s t i l l  w a te r -w e t ,  
to g ive the product (15 g, 8 5 5 6 ) ,  m.p. 120-22° (Found: C, 4 2 .5 5 ;  H, 4 .8 5 ;
N, 3 3 .3 .  C-H'-N.S re q u ire s :  C, 42 .85 ; H, 4 .8 ;  N, 33.356), 6 (dmso-d6 )
0  o 4
5.5Ce (2H, s, NH ) ,  3 .63  (3H, s, NMe), 2 .48 (3H, s, SMe).
5 -A m in o -3 -m e th y lth iO j^ m e th y lp y ra zo Ie -4 -ca rb o n itr i le , 126 
B is -(m e th y lth io ) -m e th y le n e p ro p a n e d in it r i le  (17 g, 0 . 1 M), methyl 
hydrazine (6 .3  ml, 5 .45  g, 0.12M) and g la c ia l  a c e t ic  acid  (50 ml) 
were heate^j under r e f lu x  fo r  6  hours. The s o lu t io n  was concentrated  
to  a yellow  o i l  which s o l id i f i e d  on coo ling . The s o l id  was r e c r y s t a l ­
l is e d  from ethano l to g ive the product (4 .7  g, 2 8 5 6 ) ,  m.p. 146-7°
(Found: C, 4 3 .05 ; H, 4 .5 5 ;  N, 3 3 .4 .  C H J ,S  re q u ire s :  C, 42 .8 5 ;
g. b  a  4
..H, 4 .8 ;  N, 3 3 .3 ) ,  6  (dmso-d ) 6 . 6 °  (2H, s, NH ) ,  3 .5  (3H, s, NMe),
2 .4 2  (3H, s, SMe).
The Reaction o f b is - (M e th y lth lo ) -m e th y le n e p rG p a n e d in i t r i le  w ith  Methyl 
Hydrazine in  Water
1 ) B is - (m e th y lth io ) -m e th y le n e p ro p a n e d in it r i le  (17 g, 0 . 1 M), methyl 
hydrazine (6 .3  ml, 5 .45  g, 0.12M) and water (100 ml) were heated  
under r e f lu x  fo r  20 minutes ( th e  pH o f the mixture was 8 ) .  At 
f i r s t  the d i n i t r i l e  formed a separa te , molten la y e r  but t h is  
disappeared a f t e r  5 minutes. The s o lu tio n  was cooled to  0° and 
the  p r e c ip i t a t e  was r e c r y s t a l l is e d  from ethanol to g ive  3-am ino-  
5 -m e th y lth io -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le  (1 1 .8  g, 7056)
which was id e n t i f i e d  by i t s  i . r .  and p .m .r .  spec tra . Evaporation  
o f the r e c r y s t a l l i s a t io n  l iq u o rs  l e f t  a m ix tu re , i d e n t i f i e d  by i t s  
p .m .r .  spectrum, o f 3 -a m in o -5 -m e th y lth io -1 -m e th y lp y ra z o le -4 -  
c a r b o n i t r i l e  (122) and 5 -a m in o -3 -m e th y lth ic -1 -m e th y lp y ra z o le -4 -  
c a r b o n i t r i l e  (1 2 6 ) .  The approximate r a t io  of y ie ld s  o f 122:126,  
determined from in te g r a ls  in  the p .m .r .  spectrum (and in c lu d in g
the main, f i r s t  crop o f 122) was 10 :1 .
2) S im i la r  experiments were c a r r ie d  ou t, in  which acids were added
to the re a c t io n  s o lu t io n s .  The q u a n tity  o f water used was reduced
so th a t  the t o t a l  volume o f the re ac t io n  m ixture was always the
same. The p r e c ip i ta te s  obtained by cooling the re a c t io n  s o lu t io n s  
were not r e c r y s ta l l is e d :  they, were weighed, and the r a t io s  o f  the  
two pyrazo les , 122 and 126, in  them were determined by p .m .r .  
spectroscopy. The acids added, the pH, the times taken fo r  the  
re a c t io n  m ixtures -to become c le a r ,  the t o t a l  heating  t im es , the  
t o t a l  y ie ld s ,a n d  the r a t io s  of 122:126 were as fo l lo w s :
a) ^ -H ydroch loric  acid  (1 0 .5  ml), pH 1. No re a c t io n  a f t e r  30 hours.
b) G la c ia l  a c e t ic  acid (1 D ml), pH 4 -5 .  15 min, 30 mirv 1 4 .6  g
(8756). 5:1 .
c) 9856 Formic acid (7 m l) ,  pH 3 -4 .  3 hours, 4^ hours. 1 1 .3  g
( 6 7 5 6 ) ,  0 .4 : 1 .
3-Phenylm ethy lenam ino-5-m ethylth io -1-m eth y lp y ra z o le -4 -c a rb o n i t r i l e , 129 
Benzaldehyde m e th y l- (2 ,2 -d ic yan o -1 -m eth y lth io e th e n y l) -h yd razo n e  (10 g, 
0.039M) was heated under r e f lu x  w ith  I f t -h yd ro c h lo r ic  acid  (55 ml) fo r  
2 \  hours. ^The mixturo was l e f t  a t  room temperature o v ern ig h t .  The 
p r e c ip i t a t e  was f i l t e r e d  o f f ,  crushed, washed w ith  e ther and w ith  water  
and r e c r y s t a l l i s e d  from 2-methoxyethanol to give the product (6 g, 6 0 $ ) ,  
m.p. 99-100° (Found: C, 6 0 .9 ;  H, 4 .5 ;  N, 2 2 .0 .  C H N,S re q u ire s :
/- I O  1 4  ^
C, 6 0 .9 ;  H, 4 .7 ;  N, 2 1 .8 5 $ ) ,  6 (dmso-d ) 9 .0  (1H, s, PhCH=), 8 .0  and 
: 7 .6  (5H, m, ArH), 3 .92  ( 3 H , .s ,  NMe), 2 .6  (3H, s, Sfle).
3 -A m in o -5 -a lk y la m in o -p y ra z o le -4 -c a rb o n it r i le s
The Reaction o f D im eth y lam in o -(m eth y lth io )-m eth v le n ep ro p an sd in itr i le  w ith  
Hydrazine
The p r o p a n e d in i t r i le  ( 8 .3  g, 0 .05N) was heated under r e f lu x  w ith  hydrazine
hydrate  (3 ml, 3 g, O.Oen) and water (50 ml) fo r  30 m inutes. The
s o lu t io n  was cooled to g ive a p r e c ip i t a t e  (5 .6  g ) .  The p .m .r ,  spectrum
o f the p r e c ip i t a t e  suggested th a t  i t  was a m ixture  o f 3 -m e th y lth io -
and 3 -d im eth y lam in o -, 5 -a m in o p y ra z o le -4 -c a rb o n i t r i le s , and th is  was
confirmed by MS (Found: N+ , 154.0333 and 151.0886. C-H-N.S and CcHnNc
6  6  4  6  y  6
re q u ire :  M+ , 154.0314 and 1 5 1 .08 5 8 ) ,  6 (dmso-d ) ,  1 1 .5e (b ,  r in g  NHs), 
6 . 4 3 s (b ,  NH ) ,  5 . 3 s (b , NH2) ,  2 .85  (s ,  NMe2) ,  2 .45  (s ,  SMe). From the  
in t e g r a ls  of the  methyl peaks in  the p .m .r .  spectrum, the r a t i o  o f  
amino- to m e th y lth io -  compound was estimated to be 5 :3 .
3 -A m in o -5 -m e th y la m in o -1 -m e th y lp y ra zo le -4 -c a rb o n itr i le , 43 
Benzaldehyde m ethy l- (2 ,2 -d icyan o -1 -m eth y lam in o e th en y l)-h yd razo n e  (239 g, 
in )  and IP I-hydrochloric  acid  (1 .5  1, I.SM ) were heated, and water and 
benzaldehyde were d i s t i l l e d  out o f the m ix tu re , w ith  s im ultaneous, 
slow a d d it io n  o f water (500 m l) .  D i s t i l l a t i o n  was continued u n t i l  no 
more benzaldehyde came over ( t o t a l  volume of d i s t i l l a t e  approx. 1 l ) .
The s o lu t io n  was n e u tra l is e d  (pH 7 -8 )  w ith  sodium hydroxide s o lu t io n  and 
c o o led  to 0° to p r e c ip i t a t e  the product (124 g, 82$) m.p. 1 6 9 -7 3 ° .  
R e c r y s ta l l is a t io n  of a sample gave the  p roduct, m.p. 169-70° (Found:
C, 4 8 .0 ;  H, 6 .2 5 ;  N, 4 6 .0 .  C H Nr re q u ire s :  C, 47 .65 ; N, 6 .0 ;  N, 4 6 .3 5 $ ) ,
CL ^
6 (dmso-d ) 6 .25  (1H, m, NH), 4 .95  (2H, s, NH2 ) ,  3 .25  (3H, s, r in g  N-Me),
2 .9 3  (.3H, d, NHNe). The i . r .  spectrum of the product showed d o ub le t
*-1 'CN absorption a t  2200 and 2210 cm .
S im i la r ly  prepared were:
3 -A m in o -5 -d im e th y la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr i le , which was 
r e c r y s t a l l i s e d ,  w h ile  s t i l l  wet, from ethanol to give the product  (4 6 $ ) ,  
m.p. 100-1i02° (Found: C, 5 1 .1 ;  H, 7 .0 5 ;  N, 4 2 .8 .  re q u ire s :
C, 5 0 .9 ;  H, 6 .7 ;  N, 4 2 .4 $ ) ,  6 (dmso-d6 ) 5 .1 5 °  (2H, s, NHg), 3 .4  
(3H, s, NMe), 2 .8  (6H, s, NMe2 ) .
i
3 -A m in o -5 -e th y la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr l le  (8 7 $ ) ,  m.p. 1 1 8 -9 ° ,  
which was used in  fu r t h e r  re ac t io n s  w ithout being p u r i f i e d .
3 -A m in o -5 -p ro p y la m in o -1 -m e th y lp y ra zo le -4 -c a rb o n itr i le  (4 7 $ ) .  m.p. 140-41°  
(Found: C, 53 .75 ; H, 7 .3 ;  l\I, 39 .05 .  re q u ire s :  C, 53 .6 ;  H, 7 .3 ;
N, 3 9 .1 $ ) .
3 -A m in o -1 -m e th y l-5 -( 1 - p ip e r id in y l ) - p y r a z o le - 4 - c a r b o n i t r i l e  (6 8 $ ) ,  
m.p. 1 1 6 -8 ° .  R e c r y s ta l l is a t io n  from ethanol gave the product (5 0 $ ) ,  
m.p. 116-8° (Found: C, 5 9 .0 ;  H, 7 .3 5 ;  l\l, 34 .15 . re q u ire s :
C, 5 8 .5 ;  H, 7 .3 5 ;  l\), 3 4 .1 $ ) ,  6 (dmso-d6 ) 5 .2 °  (2H, s, NH ) , ' 3 . 3 8 .
(3H, s, Me), 3 .05  and 1 .6  (10H, b, p ip e r id in e  H).
D e r iv a t iv e s  o f the Pyrazoles  
3 -P h e n y lm e th y le n a m in o -5 - (1 -p ip e r id in y l ) -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i la  
Benzaldehyde m e th y l- (2 ,2 -d ic y a n o -1 -p ip e r id in o e th e n y l) -h y d ra z o n e  (15  g, 
0.051M) and I jV h y d ro c h lo r ic  acid  (70 ml, 0.07M) were heated under r e f lu x  
fo r  2 \  hours and then the m ixture  was l e f t  a t  room temperature over­
n ig h t .  The s o l id  was f i l t e r e d  o f f ,  water-washed, d r ied  and r e c r y s t a l ­
l is e d  from ethanol to g ive the product (4 .6  g, 3 2 $ ) ,  m.p. 129-30°
(Found: C, 6 9 .3 ;  H, 6 .6 ;  l\l, 2 4 .0 .  C H L  re q u ire s :  C, 6 9 .6 ;  H, 6 .5 5 ;— 11 i y j
N, 2 3 .8 5 $ ) ,  6 (dmso-d ) 8 .94  (1H, s, PhCH=N), 8 .0  end 7 .6  (5H, m, ArH),
3 .64  (3H, s, Me), 3 .2  and 1 .6  (10H, m, p ip e r id in e  H).
The Reaction o f 3 -a m in o -5 -m s th y la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr i le  
w ith  Benzaldehyde
3 -A m in o -5 -m e th y lam in o -1 -m e th y lp y ra zo le -4 -ca rb o n itr i le  (1 g) was heated  
under r e f lu x  in  benzaldehyde (3  ml) fo r  2\  hours. The s o lu t io n  was 
cooled and poured in to  ethanol (20 ml) to p r e c ip i t a t e  5-m ethylam ino-
3 - (p h e n y lm e th y le n a m in o )-1 -m e th y lp y ra z o le -4 -c a rb o n it r i le . 143 (1 .1  g,
7 0 $ ) ,  m.p. 185-8° 6 (dmso-d6 ) 9 .2  (1H, s, CH), 8 .2  -  7 .6  (5H, m, ArH),
6 .84  ( lH ,q ,3 = 3 H z , .N H ) ,  3 .7  (3H, s, r in g  N-Me), 3.21 (3H, d, 3=3Hz,
HNCH„). The i . r .  spectrum of the praduct showed s in g le t  Cl\l absorption  
-1a t  2220 cm .
When a sample o f  the product was heated in  1J]1-hydrochloric a c id ,  i t  
gave back 3 -a m in o -5 -m eth y la m in o -1 -m eth y lp y ra zo ie -4 ~ c arb o n itr i le .
3 . 5 -D iam ino-1-m ethylpyrazo le -4 -carbohydrazonam ide. 91
E th y l 2 , 5 -d iam in o -1 -m e th y lp y razo le -4 -c a rb o x y la te  (1 3 .3  g, 0.072M) was 
heated under r e f lu x  in  hydrazine hydrate (75 mi) fo r  16 hours. The 
m ixture  was cooled to 0° to p r e c ip i t a t e  the product (9 .5  g, 11%),  
m.p. 247 -8°  decomp. (Found: C, 35 .5 ;  H, 6 .2 ;  l\l, 4 9 .6 .  C^H ^N^O' 
re q u ire s :  C, 3 5 .3 ;  H, 5 .9 ;  N, 4 9 .4 $ ) .
3 . 5 -b is (P h e n y lm e th y le n a m in o ) -p y ra z o le -4 -c a rb o n it r i le , 45
A s o lu t io n  of 3 , 5 -d ia m in o p y ra z o le -4 -c a rb o n i t r i le  (1 2 .3  g, 0.1M) in  
benzaldehyde (35 ml) was heated under a L ie b ig  condenser, through the  . 
ja c k e t  o f which steam was passed, u n t i l  more water was evolved (3  h ours ).  
The m ixture  was cooled and the re s id u a l  t a r  was t r i t u r a t e d  w ith  acetone  
to give the yellow  product (1 3 .6  g, 4 5 $ ) ,  m.p. 199-200° (Found: C, 7 2 .1 ;  
H, 4 .5 5 ;  N,2 3 .3 .  C^-H^-N.- re q u ire s :  C, 7 2 .3  H, 4 .4 ;  N, 2 3 .4 $ ) 010 1J o
5 -A m in o -3 -m eth o xvcarb o n v lam in o -1 -m eth v lp yrazo le -4 -carb o n itr i le
Methyl chloroform ate (5 .2  g, 0.055M) was added slowly to a suspension
o f 3 ,5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  (6 .8  g, 0.051*1) in  p y r id in e
(50 m l) .  The temperature of the m ixture  rose to approx. 8 0 ° .  The
m ixture  was l e f t  a t  room temperature overn igh t and then f i l t e r e d .  The
f i l t r a t e  was evaporated and the residue was crushed, washed w ith  w a te r ,
d r ied  and r e c r y s t a l l is e d  from 80:20 methanol:water to g ive  the product
(6 .9  g, 35$ ),  m.p. 224-5°  decomp. (Found: C, 43 .25 ; H, 4 .9 ;  N, 3 5 .8 5 .
Cr,Hnl\L0o re q u ire s :  C, 43 .05 ; H, 4 .6 5 ;  N, 3 5 .9 $ ) .  
f y b 2
S im i la r ly  prepared were:
5 -A m in o -3 -e th o x v ca rb o n v lam in o -1 -m e th v lp y ra zo le -4 -ca rb o n itr i le  ( 3 5 $ ) ,  
m.p. 194-5°  (Found: C, 46 .35 ; H, 5 .05 ; l\l, 3 3 .9 .  r e q u ire s :
C, 45 .9 5 ; H, 5 .3 ;  N, 3 3 .5 $ ) ,  a f t e r  r e c r y s t a l l i s a t io n  from 80:20  
e th a n o l:w a te r .
5 -A m in o -3 -m e th o x y c a rb o n y la m in o -1 -(p h e n y l) -p y ra z o le -4 -c a rb o n itr i le , as a 
viscous o i l  a f t e r  evaporation o f th e .p y r id in e .  The o i l  was t r i t u r a t e d  
w ith  1 ]V hydroch loric  acid  and the r e s u l ta n t  s o l id  was r e c r y s t a l l i s e d  
from 9 0 : 10/m ethanol:w ater to give the product (2 7 /0 ,  m.p. 189-91°  
(Found: C, 56 .1 ;  H, 4 .4 ;  N, 2 7 .2 .  re q u ire s :  C, 56 .0 ;
H, 4 .3 ;  N, 27 .2 5 % ) .
5 -f lm in o -3 -m e th v lam in o carb o n v lam in o -1 -p h en v l-p y razc le -4 -carb o n itr i le  
Methyl isocyanate  (5 ml) and t r ie th y la m in e  (2 drops) were added to
3 ,5 -d ia m in o -1 -p h e n y l -p y ra z o le -4 -c a rb o n i t r i le  (10 g). suspended in  t e t r a -  
hydrofuran (50 m l) .  The m ixture  was heated under r e f lu x  f o r  4-g- hours 
and then cooled to give a p r e c ip i t a t e  o f the product (9 .4  g, 7 3 $ ) ,  
m.p. 210-11° (Found: C, 56 .6 ;  H, 4 .9 5 ;  l\l, 3 2 .9 ,  ^^2^12^6° reclu^res:
C, 56 .25; H, 4 .7 ;  N, 3 2 .8 ) ,  6 (dmso-d6 ) 8 .8 °  (1H, s, r ing-NH -CO ),
7 .5  (5H, ArH), 6 .7 7 °  (1H, q, 3=3Hz, MeNH), 6 .6 2 °  (2H, s, NH2 ) ,  2 .7  
(3H, d, 3=3Hz, NCH3 ) .
Acylaminopyrazoles  
5 -A m in o -3 -a c e ty la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le , 156 
Acetyl c h lo r id e  (11 ml, 12 g, 0.15M) was added cau tio u s ly  to  a suspension 
o f 3 ,5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  (2 0 .5  g, 0.15M) in  
p y r id in e  (.125 m l) ,  w ith  w a te r-co o lin g  to keep the temperature o f  the  
m ixture below 5 0° .  The m ixture  was l e f t  a t  room tem perature o v ern ig h t  
and then concentrated to a golden o i l .  The o i l  was d issolved in  0.5M_- 
hydroch lor ic  acid  (100 m l) .  Scratching induced c r y s t a l l i s a t i o n  o f  a 
s o l id ,  which was f i l t e r e d  o f f .  Concentration o f the  f i l t r a t e  gave a 
second crop o f s o l id .  The two batches o f s o l id  were mixed and r e c r y s t a l ­
l is e d  from 60:40 e th a n o l:w ater  to g ive  the product (1 3 .3  g, 5 0 $ ) ,
m.p. 223 -4°  (Found: C, 47 .35 ; H, 5 .05 ; N, 39 .4 5 . C H I\L0 re q u ire s :
£- *
C, 4 6 .9 ;  H, 5 .05 ; N, 3 9 .1 $ ) ,  6 (dmso-d ) 9 .8 2 °  (1H, s, NH), 6 .4 3 °
(2H, s, NH2 ) ,  3 .48  (3H, s, NMe), 2 .00  (3H, s, COMe).
S im i la r ly  prepared, using two, and th re e ,  e q u iva len ts  o f a c e ty l  c h lo r id e  
(concentra t ion  o f the aqueous s o lu t io n  was not necessary) were:
3 , 5 -b is (A c e ty la m in o ) -1 -m e th y lp y r a z o le -4 -c a r b o n i t r i le , 157 (6 .9  g, 62^ ).  
R e c r y s ta l l is a t io n  from 60:40 e th ano lrw ater  gave the product (4 .2  g,
ZB%), m.p. 228-30° (Found: C, 48 .65 ; H, 5 .2 5 ;  N, 31 .25 . CgH N ^  
re q u ire s :  (/, 48 .8 5 ; H, 5 .0 ;  N, 3 1 .6 5 ^ ) ,  6 (dmso-d5 ) 1 0 .4 °  (2H, b, NH),
3 .55  (3H, s, NMe), 2 .36  (3H, s, COMe), 2 .14  (3H, s, COfle).
5 -A c e ty la m in o -3 -d ia c e ty la m in o -1 -m e th y l-p y ra z o le -4 ~ c a rb o n it r i le , 158,
which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t,  from ethano l to  give
the product (2 .2  g, 8 ^ ) ,  m.p. 118-20° (Found: C, 50 .0 ;  H, 4 .8 5 ;
N, 2 6 .5 5 .  C . „H. „NI_CfZ re q u ire s :  C, 5 0 .2 ;  H, 5 .0 ;  l \ I , -2 6 .6 ^ ) ,  6 (dmso-d5 )11 b J ■
1 0 .7 °  (1H, s, NH), 3 .67 (3H, s, NMe), 2 .46  (6H, s, (COW e)^, 2 .07  (3H, s, COMe).
5 -A m in o -3 - (1 -o x o p ro p y la m in o ) -1 -m e th v lp y ra z o le -4 -c a rb o n it r i le  was 
prepared in  crude form and converted to a pyrazo lopyrim id inone w ith o u t  
being c r y s t a l l i s e d  (see page 167).
5 -A m in o -3 - (2 -m e th y l-1 -o x o p ro p v la m in o )-1 -m e th v lp y ra z o le -4 -c a rb o n itr i le
2-M ethylpropanoyl c h lo r id e  (1 0 .7  g, O .IH ) was added c au t io u s ly  to  a 
suspension o f 3 ,5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  (1 3 .7  g,
O.IM) in  p y r id in e  (75 m l) ,  causing the m ixture  to become h o t.  The 
m ixture  was l e f t  a t  room temperature overn igh t and then concentrated  
to  a golden o i l .  The o i l  was d isso lved in  3 . 5P1-hydrochloric ac id  
(65 m l) .  The product (1 3 .7  g, 6 6^ ) ,  m.p. 189 -9 1 ° ,  p r e c ip i ta te d  a f t e r  
a few minutes. R e c r y s ta l l is a t io n  from 80:20 e th an o l:w ater  gave the  
product (10 g, 48/S), m.p. 197-8°  (Found: C, 51 .9 ;  H, 6 .4 5 ;  N, 3 3 .8 5 .
59^13^55 rec! ^ res : C, 52 .15; H, 6 .3 ;  N, 33 .850 .
S im i la r ly  prepared from 3 , 5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le  
and ap p ro p r ia te  acy l c h lo r id e s  were:
5 -A m in o -3 - (2 - fu ra n y lc a rb o n v la m in o ) -1 -m e th v lp y ra z o le -4 -c a rb o n it r i le  (6950 ,  
m.p. 211-13° (Found; C, 5 2 .3 ;  H, 4 .0 5 ;  N, 3 0 .6 .  C^^RgN^^ re q u ire s :
C, 51 .95 ; H, 3 .9 ;  N, 30 .350 , which was not r e c r y s t a l l i s e d .
5 -A m in o -3 -(2 ,2 -d im eth y 1 -1 -oxo n ro p y lam in o )-1 -p ro p y lp yr a z o le - 4 - c a r bo- 
n i t r i l e . which was converted to  a pyrazo lopyrim id inone w ith o u t being  
d ried  or r e c r y s t a l l i s e d .
5 -A m in o -3 -b e n zo y lam in o -1 -m e th y lp y ra zo le -4 -ca rb o n itr i le  (7550 , m.p.
1 90 -95° .  R e c r y s ta l l is a t io n  from 80:20 e th an o l:w ater  gave the product  
(5 4 $ ) ,  m.p '2 0 3 -5 °  (Found: C, 59 .3 ; H, 5 .05 ; N, 29 .25 . C H Nj.0 
re q u ire s :  u, 59 .75 ; H, 4 .6 ;  N, 2 9 .0 5 $ ) .
And from e th y l  3 , 5 -d iam in o ~1 -m eth y lp yrazo le -4 -ca rb o xy la te  and 2 , 2 -d im eth y l-  
propanoyl c h lo r id e :
E th y l 5 -a m in o -3 - (2 , 2 -d im e th y l-1 -o x o p ro p y lam in o )-1 -m eth y lp y razo le -4 -  
c a rb o x y la te , 89 (7 5 $ ) ,  m.p. 178 -92 ° .  R e c ry s ta l l is a t io n  from ethano l  
gave the product (5150, m.p. 193-4° (Found: C, 53 .45; H, 7 .8 ;  N, 2 0 .7 .  
5 12^20^4°3 reclLl^ re s I  53 .7 ;  H, 7 .5 ;  N, 20.9$).,
5 - Amino-3-( 2 ; 2-dimethy l-1 -o xo p ro p y lam in o ) - 1 - m e t h y lp y r a z o le - 4 - c a r b o n i t r i l e , 153
2 ,2 -D im ethy lpropanoyl c h lo r id e  (3 .6  g, 0 .03M ), was added c a u t io u s ly  to  
a suspension o f 3 , 5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le  (4 .1  g,
0 .03N) in  p y r id in e  (25 m l) ,  causing the m ixture  to  become h o t.  The 
m ixture  was l e f t  a t  room temperature overn igh t and then poured in to  a 
m ixture  o f ic e  (60 g) and jc -hydroch loric  acid  (40 ml) to  p r e c ip i t a t e  
the product (3 .9  g, 5 9$ ),  m.p. 2 4 5 -8 ° .  The product was d r ie d ,  and r e c r y s t a l ­
l is e d  from 70:30 e th an o l:w ater  to give the product (3 .1  g, 4 7 $ ) ,  
m.p. 245-7° (Found: C, 5 4 .0 ;  H, 6 .5 5 ;  N, 3 1 .3 .  C^gH^gNgO re q u ire s :
C, 5 4 .3 ;  H, 6 .8 5 ;  N, 3 1 .6 5 $ ) .
S im i la r ly  prepared from ap p ro p ria te  p y r a z o le -4 -c a r b o n i t r i le s  and 2 , 2 -  
dimethylpropanoyl c h lo r id e  were:
3 - (2 .2 -d im e th y 1 -1 -o x o p ro p y la m in o )-5 -m e th y lth io -1 -m e th y lp y ra z o le -4 -  
c a r b o n i t r i l e . R e c ry s ta l l is a t io n  from ethanol gave the product (7 1 $ ) ,  
m.p. 142-3° (Found: C, 52 .6 ; H, 6 .5 ;  N, 2 1 .9 5 .  C^H^N^OS re q u ire s :
C, 52 .35; H, 6 .4 ;  N, 2 2 .2 $ ) ,  6 (dmso-d6 ) 9 .8 7 °  (1H, s, NH), 3 .8 4  
(3H, s, NMe), 2 .53  (3H, s, SNe), 1 .19 (9H, s, CM e^.
5-r/le th y lam in o -3 -(  2 . 2-dimethy 1-1-oxopropylamino ) -1 -m e th y lp y ra z o le -4 -  
c a r b o n i t r i l e , which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t ,  from 
ethanol to g ive the product (4 1 $ ) ,  m.p. 1 8 9 -91° ,  r e s o l i d i f i e d  and 
melted again a t  199-200° (Found: C, 56 .0 ;  H, 7 .2 ;  N, 2 9 .3 .  C ^H ^N gO
CO.NH), 6 .5 e (1 H, b, FieNH), 3 .45  (3H, s, r in g  NCH„), 2 .9 5  (3H, d, HNCH_), 
2.18 (9H, s, C H e ^ .
5 -D im ethylam ino-3- ( 2 , 2-d im ethy1 -1 -o x o p ro p y lam in o )-1 -m eth y lp y razo le -4 -  
c a r b o n i t r i l e , which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t,  from 
ethanol to g ive the product (5570, m.p. 135-7° (founds C, 58 .05 ; H, 8 .0 ;
N, 2 8 .4 .  C^H.jgNj-O re q u ire s :  C, 5 7 .9 ;  H, 7 .7 ;  N, 2 8 .1 ^ ) ,  6 (dmso-d^)
9 .5 °  (1 H, s, NH), 3 .6  ( 3H, s, Nfle), 2 .85  (6H, s, N M e^ , 1 .15  (9H, s, CM e^.
5 -E th y la m in o -3 - (2 , 2 -d im eth v l-1 -o x o p ro p y lam in o )-1 -m eth y lp y razo le -4 -  
c a r b o n i t r i l e , which was used s t r a ig h t  away, w ithout being d r ied  or 
p u r i f i e d ,  to prepare the re la te d  pyrazo lopyrim id inone.
3 -(2 .2 -D im e th y l-1 -o x o p ro p y la m in o )-5 -p ro p y la m in o -1 -m e th y lp y ra zo le -4 -  
c a r b o n l t r i l e , which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t,  from ethano l  
to g ive the product (62%) ,  m.p. 183-4° (Found: C, 59 .55; H, 8 .4 ;
N, 2 6 .6 5 .  C13H21N50 re q u ire s :  C, 5 9 .3 ;  H, 8 .0 5 ;  N, 2 6 .6 % ) .
5 -A m in o -1 -b u ty l -5 - (2 ,2 -d im e th y l -1 -o x o p ro p v la m in o ) -p y ra z o le -4 -c a rb o n i t r i le , 
which was used s t r a ig h t  away, w ithout being d r ied  or p u r i f i e d ,  to  prepare  
the re la te d  pyrazo lopyrim id inone .
3 - (2 ,2 -D im e th y l -1 -o x o p r o p y la m in o ) -1 -m e th y l -5 - (1 -p ip e r id in y l ) -p y r a z o le -
4 - c a r b o n i t r i l e , which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t ,  from
ethanol to give the product (80%>), m.p. 155-8° (Found: C, 6 1 .8 ;
H, 8 .0 ;  N, 2 3 .9 .  C cHorzNc0 re q u ire s :  C, 62 .25; H, 8 .0 ;  N, 2 4 .2 $ ) .
l b  Zo b
And from 3 , 5 -d ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le  and two equi­
v a le n ts  o f 2 ,2-d im ethypropanoyl c h lo r id e :
3 . 5 - B i s - ( 2 . 2 -d im e th v l-1 -o x o p ro p y la m in o ) -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le , 
160, (66%),  m.p. 223 -4°  (Found: C, 59 .3 ;  H, 7 .8 ;  N, 2 2 .9 .  C- 
re q u ire s :  C, 5 9 .0 ;  H, 7 .6 ;  N, 2 2 .9 5 ^ ) ,  6 (dmso-d6 ) 9 .8 5 °  (1H, s , NH),
9 .7 5  (1H, s, NH), 3 .55  (3H, s, M e ) ,  1 .25  (9H, s, CM e^, 1 .2  (9H, s,
CMe3 ) .  The product was not r e c r y s t a l l i s e d .
And from 3 ,5 -d ia m in o p y ra z o le -4 -c a rb o n i t r i le  and two e q u iv a le n ts  o f
2 ,2 -d im ethy lp ropano y l c h lo r id e :
5 -A m in o -3 -(2 , 2 -d im e th y l-1 -o x o p ro p y la m in o ) -1 - (2 , 2-d im ethy1 -1 -oxopropy1 ) -  
p y r a z o le - 4 - c a r b o n i t r i l e . which was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w a te r -w e t ,  
from ethano l to give the product (4 0 # ) ,  m.p. 181-4°  (Found: C, 5 8 .0 ;
H, 7«25; n /  24 .4 5 . C ^H -.N -O ,,  re q u ire s :  C, 5 7 .7 ;  H. 7 .2 5 ;  N, 2 4 .0 5 # ) ,14 Z1 o Z
6 (dmso-d ) 9 .7 °  (1H, s, NH), 7 .8 5 °  (-2H, s,.NH ) ,  1 .4  (9H, s, CMg3 ) ,
I . 2  (9H, s , CNe3 ) .
5 -A m in o -3 -(2 ,2 -d im eth yl-1 -o xo p ro p y lam in o )-.1r,B thy lpyrazo l e - 4 - c a r b o n i t r i l e
3 , 5 -D ia m in o p y ra z o le -4 -c a rb o n it r i le  (20 g, 0 .1 6n) ,  iodoethane (2 5 .3  g,
0 .16M ), potassium carbonate (30 g, 0.22Ivl ) ,  and acetone (200 ml) were
s t i r r e d  a t  room temperature fo r  18 hours. The m ixture  was f i l t e r e d
J
and the  f i l t r a t e  was evaporated to leave  impure 3 . 5-diamino~1  
P v ra ? .o le -4 -c a rb o n it r i le  as a viscous o i l .  The o i l  was d isso lved  in  
p y r id in e  (80 m l) .  A tra c e  o f potassium io d id e  was f i l t e r e d  o f f  and
2 ,2 -d im ethy lp ropano y l c h lo r id e  (1 9 .2  g, 0.16N) was added c a u t io u s ly  
to the f i l t r a t e ,  causing the s o lu t io n  to become ho t. The m ix tu re  was 
l e f t  a t  room temperature overn igh t and then poured in to  a m ix tu re  o f  
ic e  (200 g) and ^ -h y d ro c h lo r ic  acid  (125 ml) to give a p r e c ip i t a t e  o f  
the impure product (2 .2  g, 5 # ) ,  which was used to prepare the  r e la te d  
pyrazo lopyrim id inone w ithout being p u r i f i e d .
6 -T r if lu o ro m eth y lp y ra zo lo p yr im id in o n es
3 -A m in o -6 - t r i f lu o ro m e th y l -5 H -p y ra z o lo - (3 .4 -d ) -p y r im id in -4 -o n e
3 , 5 -D ia m in o p y ra z o le -4 -c a rb c in it r i le  ( 8 .5  g, 0 . 007FI) was heated under  
r e f lu x  in  t r i f l u o r a c e t i c  acid  (23 ml) fo r  5 hours. The s o lu t io n  was 
poured in to  3J]1-sodium hydroxide (95 m l) .  A t ra c e  of s o l id  was f i l t e r e d  
o f f  and the f i l t r a t e  was a c id i f i e d  to pH 3-4, w ith  £ -h y d ro c h lo r ic  a c id ,  
to p r e c ip i t a t e  the product (1 0 .7  g, 70/&), m.p. >360° (Found: C, 32 .4 5 ;
H, 2 .0 5 ;  N, 3 1 .4 5 .  C-H.F-N-O re q u ire s :  C, 3 2 .9 ;  H, 1 .8 5 ;  N, 31 .95# ).-u 4 O O
S im i la r ly  prepared, from the ap p ro p r ia te  3 -a m in o -p y r a z o le -4 -c a r b o n i t r i le s  
were the fo l lo w in g  compounds, which were is o la te d  in  the  same way ( th e  
a l k a l i  was d i lu te d  w ith  w ater , and heated , i f  the s o l u b i l i t y  o f  a 
compound was lo w ):
5 -M e th y l th io -6 - t r i f lu o r o m e th y l -5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e . 171
(4 9 # ) ,  m.p. 326 -8°  decomp. (Found: C,, 33 .2 ; H, 2 .3 ;  N, 2 2 .3 5 .  C_H_F„N,0S
f  5  3  4
re q u ire s :  C, 3 3 .6 ;  H, 2 .0 ;  N, 2 2 .4 # ) .
I
3 -M e th y la m in o -6 - t r i f lu o ro m e th v l-5 H ”P v r a z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e  (7 7 # ) ,
m.p. 355° decomp. (Found: C, 35 .85; H, 2 .45 ; N, 2 9 .9 .  C„Hl-F„l\I[-0
r b o b
re q u ire s :  C, 3 6 .2 ;  H, 2 .2 ;  l\l, 3 0 .1 5 # ) .
3 - (2 -M e th y lp r o p y la m in o ) -6 - t r i f lu o r o m e th y l -5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -
4-one (3 0 # ) ,  m.p. 330-32° decomp. (Found: C, 4 3 .3 ;  H, 4 .6 ;  l\J, 2 5 .0 5 .  
C10H12F3IM5° r e 9u ire s :  c » 43 .65 ; H, 4 .4 ;  l\l, 2 5 .4 5 # ) .
3 -A m in o -2 -m e th y l -6 - t r i f lu o ro m e th v l-5 H -p v ra z o lo - (3 .4 -d ) -p y r im id in -4 -o n e . 144
1) 3 , 5 -D iam ino-1-m ethylpyrazo le -4 -carboxam ide (12 g, 0.08M) was heated
under r e f lu x  in  t r i f l u o r a c e t i c  ac id  (18 ml) fo r  hours and then  
the s o lu t io n  was cooled and poured in to  2M_-sodium hydroxide (150 ml)
to  give a c le a r ,  brown s o lu t io n  a f t e r  a few minutes. The s o lu t io n
was a c id i f i e d  to pH 4, w ith  jc -hydroch loric  a c i d , . t o  p r e c ip i t a t e
the product (1 1 .8  g, 6 6# ) ,  m.p. >360° (Found: C, 3 5 .8 5 ;  H, 2 .5 ;
N, 2 9 .7 .  C-H-F-Nj-O re q u ire s :  C, 35 .05; H, 2 .6 ;  l\l, 3 0 .0 5 # ) ./ b o b
2) 3 , 5 -D ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le  (7 .3  g, 0.053M) was 
heated under r e f lu x  in  t r i f l u o r a c e t i c  acid  (20 ml) 'for 5 hours.
The s o lu t io n  was poured in to  3PQ-sodium hydroxide (80 m l) .  A t ra c e  
o f s o l id  was f i l t e r e d  o f f  and the  f i l t r a t e  was a c id i f i e d  to  pH 3 -4 ,  
w ith  ^ -h y d ro c h lo r ic  a c id ,  to  p r e c ip i t a t e  the product (10 g, 8 1 # ) ,  
m.p. >360°.
The i . r .  spectra  o f the samples o f product obtained by the above
two methods were id e n t ic a l .
The second method, using 3 -a m in o -5 -m e th y lth io -1 -m e th y lp y ra z o le -4 -c a rb o -  
n i t r i l e  and 5 -a m in o -3 -m e th y l th io -1 -m e th y lp y ra z o le -4 -c a rb o n i t r i le ,  
r e s p e c t iv e ly ,  gave the fo l lo w in g  compounds, a f t e r  the h e a t in g  times  
s ta te d ,  which were is o la te d  in  the same way, using 211-sodium hydroxide  
(120 m l):
3-lYle t h y l t h io - 2 - m e t h y l -6 - t r i f lu o r c im e t h y l -5 H - p v r a z o lo - (3 ,4 -d ) -p y r im id in -
4 -o n e , 172 (6 9 # ) ,  m.p. 228-31° (found: C, 3 6 .6 ;  H, 2 .75 ; N, 2 1 .5 .
CoH^F^N/OS re q u ire s :  C, 36 .35; H, 2 .6 5 ;  N, 2 1 .2 # ) ,  a f t e r  7 hours,o / o 4
I
5 - M e t h y l th io - l -m e th y l -e - t r i f lu o r o r n e th y l - 5 H -p v r a z o lo - ( 3 .4 -d ) - p y r im id in -
4 -o n e , 174 (8 0 # ) ,  m.p. 264-5°  (Found: C, 36 .65 ; H, 2 .55 ; N, 2 1 .5 .
C H^FJ.OS re q u ire s :  C, 36 .35; H, 2 .6 5 ;  N, 2 1 .2 # ) ,  a f t e r  16 hours.O ( U H
The fo l lo w in g  compounds were obtained in  a s im i la r  way, a f t e r  the  
heatin g  times shown, from a p p ro p r ia te  3 ,5 -d ia m in o , or 3 -a m in o - 5 - a lk y l -  
amino-, 1 - a lk y lp y r a z o le - 4 - c a r b o n i t r i le s  ( th e  sem i-so lid  re a c t io n  
m ixtures were poured in to  3M_-sodium hydroxide, and more water was added 
i f  the products were not re a d i ly  s o lu b le ) :
3 - fy ie th y la m in o -2 -m e th y l-6 - t r i f lu o ro m e th y l-5 H -p v ra z o lo - (5 .4 -d ) -p y r im id in -
4-one (7 4 # ) ,  m.p. >360° (Found: C, 38 .65; H, 3 .4 3 ;  N, 2 8 .0 ,  CoHoF„Nc-0O O U O
re q u ire s :  C, 38 .85; H, 3 .25 ; N, 2 8 .3 5 # ) ,  a f t e r  6 hours.
3 -A m in o -2 - (2 -h y d ro x y e th v l ) -6 - t r i f lu o ro m e th y l -5 H -p y ra z o lo - (3 , 4 - d ) -
p y r im id in -4 -o n e  (4 7 # ) ,  m.p. 319-20° decomp. (Found: C, 3 6 .2 ;  H, 3 .0 5 ;
N, 2 6 .3 5 .  CoHoFJ\L0o re q u ire s :  C, 36 .5 ;  H, 3 .0 5 ;  N, 2 6 .6 # ) ,  a f t e r  5 b b b b z
hours.
3 -D im e th y la m in o -2 -m e th v l-6 - t r i f lu o ro m e th y l -5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -
4-one (6 8 # ) ,  m.p. 264-5°  (Found: C, 41 .35 ; H, 3 .65 ; N, 2 6 .9 5 .
CgH^gF^I^O re q u ire s :  C, 4 1 .4 ;  H, 3 .85 ; N, 2 6 .8 # ) ,  a f t e r  6 hours.
3 -E th y la m in o -2 -m e th y l -6 - t r i f lu o r o m e th y l-5 H -p y ra z o lo - (5 ,4 -d ) -p y r im id in -
4-one (6 3 # ) ,  m.p. 305-7° (Found: C, 40 .95 ; H, 3 .7 ;  N, 2 6 . 4 .  C g H ^ F ^ O  
re q u ire s :  C, 4 1 .4 ;  H, 3 .85 ; l\I, 2 6 .8 # ) ,  a f t e r  6 hours.
3 -P ro p y la m in o -2 -m e th y l-6 - t r i f lu o ro m e th v l -5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -
4-one (8 3 # ) ,  m.p. 259-60° (Found: C. 43 .25; H, 4 .0 5 ;  l\l, 2 5 .0 .  ^ Q ^ ^ N g O  
re q u ire s :  C, 43 .65 ; H, 4 .4 ;  N, 2 5 .4 5 # ) ,  a f t e r  6 hours.
2-lYle t h y l - 3 - (  1 - p ip e r id in y l ) - 6 - t r l f lu o r o m e t h y l - 5 H - p y r a z o lo - (  3 , 4 - d ) -  
p y r im id in -4 -p n e  (2 5 # ) ,  m.p. 226-31° (Found: C, 48 .15 ; H, 5 .0 ;  N, 2 3 .4 5 .
C H F„N 0 re q u ire s :  C, 47 .85 ; H, 4 .7 ;  N, 2 3 .2 5 # ) ,  a f t e r  6 hours.
| Z  i^r J
3 -A m in o -2 -p h e n v l -6 - t r i f lu o ro m e th y l-5 H -p v ra z o lo - (3 ,4 -d ) -p y r im id in -
4 -o n e , 149
3 ,5 -D iam ino-1 -pheny Ipyrazo le-4 -carboxam ide  (10 g, 0.0461vl) was heated
under r e f lu x  in  t r i f l u o r a c e t i c  acid (15 ml) fo r  12 hours. The m ixture
was poured in to  I.SJVsodium hydroxide (200 m l) .  A c id i f ic a t io n  o f  the
s o lu t io n  w ith  h yd ro ch lo r ic  acid  gave a p r e c ip i t a t e  o f the  product
(9 g, 6 6# ) .  R e c r y s ta l l is a t io n  from 2-met'noxyethanol gave the  product
(6 .3  g, 4 6 # ) ,  m.p. 271 -5 °  (Found: C, 4 8 .8 ;  H, 2 .8 ;  N, 2 3 .4 5 .
C oHoF_Nc0 re q u ire s :  C, 4 8 .8 ;  H, 2 .75 ; N, 2 3 .7 # ) .\ Z o o . b ~
Other 6 -A lk y l .  A r y l -  and H e te r y l -  pyrazo lopyrim id inones
3 -A m in o -6 - ( l -m e th y le th y l ) -2 -m e th y l -5 H -p y ra z o lo - (3 ,4 -d ) -p v r im id in -4 -o n e  
5 ^ A m in o -3 -(2 -m e th y l-1 -o x o p ro p y la m in o )-1 -m e th y lp y ra zo le -4 -c a rb o n itr i le  
(1 0 .3  g , 0.05M) was heated under r e f lu x  in  1M_-sodium hydroxide (100 ml, 
O.IM) fo r  4 hours. The s o lu t io n  was f i l t e r e d ,  cooled and n e u tra l is e d  
to pH 7-8  w ith  ^ -h y d ro c h lo r ic  acid  and a l i t t l e  potassium carbonate to  
p r e c ip i t a t e  the product (6 .9  g, 6 7 # ) ,  m.p. 292-300° decomp. R e c ry s ta l­
l i s a t i o n  from 80:20 e th an o l:w ater  gave the product (3 .6  g, 3 5 # ) ,  m.p. 
290-94° decomp. (Found: C, 5 2 .0 ;  H, 6 .2 5 ;  N, 3 4 .0 .  C H l\l 0 re q u ire s :
jl 1 J' O
C, 52 .15; H, 6 .3 ;  N, 3 3 .8 # ) .
Heating ap p ro p r ia te  3 -a c y la m in o -1 -a lk y lp y r a z o le -4 -c a r b o n i t r i le s  s im i la r ly  
in  IjVsodium hydroxide fo r  4 hours, unless otherw ise s ta te d ,  gave the  
fo l lo w in g  compounds, which were s im i la r ly  p r e c ip i ta te d  by n e u t r a l is a t io n ,  
and r e c r y s t a l l is e d  from 80:20 e th a n o l:w a te r ,  unless otherw ise s ta te d :
3 -A m in o -6 - (2 - fu ra n y l ) -2 -m e th y l -5 H -p y ra z o lo - (3 .4 -d ) -p y r im id in -4 -c n e  
R e c r y s ta l l is a t io n  from water gave the product (2 1 # ) ,  m.p. 302 -4 °  decomp. 
(Found: C, 51 .75 ; H, 3 .9 5 ;  l\l, 30 .5 5 . C^gHgl\l,_02 re q u ire s :  C, 51 .9 5 ;
H, 3 .9 ;  N, 3 0 .3 # ) ,  6 (dmso-d6 ) 10 .25°  (1H, b, NH), 7 .9 1 - 6 .7  (3H, m, 
furan  H), 6 .4 °  (2H, b, NH^), 3 ,63  (3H, s, NMe).
3 -A m in o -6 ~ ( l , 1 -d im e th y le th y l ) -2 -m e th y l -5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id . in -
4 -o n e , 161. R e c ry s ta l l . is a t io n  gave the product (4 9 # ) ,  m.p. 285 -7°  
(Found: C, 54 .35; H, 6 .95 ; N, 3 2 .0 .  C gN^O re q u ire s :  C, 54 .3 ;
H, 6 .8 5 ;  n /  3 1 .6 5 # ) ,  6 (dmso-d6 ) 1 0 .6 °  (1H, s, NH), 6 .2 8 °  (2H, s, NH ) ,  
3.58 (3H, s, NMe), 1 .26 (9H, s, CMe„); pK 1 2 .3 .  A sample wasJ 3
r e c r y s t a l l i s e d  from n_-butanol to  give c ry s ta ls  s u ita b le  fo r  X -ray  
c ry s ta l lo g ra p h y .  The hydroch loride  (0 .9  g, 7 0 # ) ,  m.p. 2 86 -8 °  decomp., 
p r e c ip i ta te d  when a so lu tio n  o f the pyrazo lopyrim id inone (1 .1  g) in  
hot 5^ -h yd ro ch lo r ic  acid (15 ml) was cooled to 0 ° .
6—C1 . 1 -D im e th y le th y l ) -3 -m e th y l th io -2 -m e th y l -5 H -p y r a z o lo - (3 .4 -d ) -o y r i -  
m id in -4 -o n e , 173. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the  
product (4 7 # ) ,  m.p. 228-31° (Found: C, 52 .4 ; H, 6 .7 5 ;  N, 2 2 .4 5 .  
C11H16N40S r e 9u ir e s :  c » 52.35; H, 6 .4 ;  N, 2 2 .2 # ) ,  6 (dmso-d6 ) 1 1 .3 °
(1H, s, NH), 3 .93  (3H, s, NMe), 2 .65  (3H, s, SMe), 1 .3  (9H, s, CMe ) .
3 -M e th y la m in o -6 - ( l . 1 -d im e th y le th y l ) -2 -m e th y l -5 H -p y r a z o lo - (3 .4 -d ) -  
p y r im id in -4 -o n e  (3 8 # ) ,  m.p. 349° decomp. (Found: C, 56 .05 ; H, 7 .5 5 ;
N, 2 9 .7 5 .  C H ?N50 re q u ire s :  C, 56 .15 ; H, 7 .3 ;  N, 2 9 .7 5 # ) ,  6 (dmso-d6 )
1 1 .6 °  ( 1H, b, r in g  NH), 6 .2  (1H, b, MeNH), 3 .55  (3H, s, r in g  NMe),
3 .25  (3H, s, HNCH^), 1 .24  (9H, s, CMe3 ) .  The product p r e c ip i ta te d  
during the heatin g  p e r io d . I t  was f i l t e r e d  o f f  from the h o t,  a lk a l in e  
m ixtu re , and not r e c r y s t a l l i s e d .  N e u tra l is a t io n  o f the f i l t r a t e  gave 
a second crop o f product (1 0 # ) ,  m.p. 349° decomp.
3 - A m in o - 2 - e t h y l - 6 - ( l ,1 -d im e th y le th v l ) - 5 H - p y r a z o lo - (3 ,4— d ) - p y r im id in -
4-one . R e c ry s ta l l is a t io n  gave the product (5 2 # ) .  m.p. 2 92 -4 °  (Found:
C, 55 .75; H, 6 .8 ;  N, 2 9 .3 .  C H^NgO re q u ire s :  C, 56 .15; H, 7 .3 ;
N, 2 9 .7 5 # ) .
3 -A m in o -6 - ( l -m e th y le th y l ) -2 -p r o p y l-5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e  
R e c ry s ta l l is a t io n  from water gave the product (3 3 # ) ,  m.p. 113 -4°
(Found: C, 56 .35; H, 7 .3 5 ;  N, 2 9 .8 .  C^H^N gO  re q u ire s :  C, 56 .15 ;
H, 7 .3 ;  N, 2 9 .7 5 # ) ,  6 (dmso-d6 ) 1 0 .8 °  (1H, s, NH), 6 .2 6 °  (2H, s, NH2 ) ,
3 .85  (2H, t ,  NCH2 ) ,  2 .7  (1H, m, CH), 1 .7  (2H, m, CH2 ) ,  1 .15  (6H, d, 
CMe2 ) ,  0 .82  (3H, t ,  Me).
3 - A m in o -2 -(2 -h y d ro x y e th y l) -6~ (  1 , 1 -d im e t h y le th y l ) -5 H -p y r a z o lo - (3 ,4 - d ) -  
p y r im id in -4 -o n e , 182 (6 6 $ ) ,  m.p. 248-’52° . R e c r y s ta l l is a t io n  gave the  
product (4 7 $ ) ,  m.p. 255-6°  (Found: C, 52 .6 ;  H, 6 .9 5 ;  N, 2 8 .1 5 .
C H „N_0 /requ ires : C, 52 .55 ; H, 6 .8 ;  N, 2 7 .8 5 $ ) ,  6 (dmso-d6 ) 1 0 .3 5 °\ I i / o A
(1H, s, NH), 6 .2 °  (2H, s, NH2 ) ,  4 .9 °  ( iH ,  b, OH), 4 .1 - 3 .6  (4H, m, CH2CH2 ) ,
1 .27 (9H, s, CMe3 ) .
3 -A m in o -2 -m e th y l-6 -p h e n y l-5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e
R e c r y s ta l l is a t io n  from a la rg e  volume o f 80:20 2-m ethoxyethanol:w ater
gave the product (1 6 $ ) ,  m.p. 326-30° (Found: C, 60 .05 ; H, 4 .6 5 ;
N, 2 9 .3 .  C . oH.„N_0 re q u ire s :  C, 59 .75; H, 4 .6 ;  N, 2 9 .0 5 $ ) ,  5 (dmso-d6 ) 1 2 1 1 b
1 0 .8 8 °  (1H, s, NH), 8 .1 - 7 .5  (5H, m, ArH), 6 .4 2 °  (2H, s, NH2) , 3 .62  
(3H, s ,  NMe). A c id i f ic a t io n  o f the re a c t io n  l iq u o rs  gave a p r e c ip i t a t e  
o f benzoic a c id ,  m.p. 1 2 2 -5 ° ,  which was i d e n t i f i e d  from i t s  i . r .  spectrum.
3 -D im e th y la m in o -6 -(1 . 1 -d im e th y le th y l ) -2 -m e th y l -5 H -p y r a z o lo - (3 .4 -d ) -  
p y r im id in -4 -o n e  (2 9 $ ) ,  m.p. 287-9°  (Found: C, 57 .95; H, 7 .8 5 ;  N, 2 7 .9 .
re q u ire s :  C, 57 .8 ;  H, 7 .7 ;  N, 28.1$), 6 (dmso-d6 ) ,  8 .9 5 °
1 2  iy  b
(1H, s, NH), 3 .74  (3H, s, NMe), 2 .85  (6H, s,. NMe ) ,  1 .28  (9H, s, CMe3 ) ,  
which was washed thoroughly w ith  w ater , but not r e c r y s t a l l i s e d .
3 -E th y la m in o -6 - ( l , 1 -d im e th y le th y l ) -2 -m e th y l -5 H -p y r a z o lo - (3 ,4 -d ) -  
p y r im id in -4 -o n e , which p re c ip i ta te d  from the h o t, a lk a l in e  re a c t io n  
m ixtu re . R e c r y s ta l l is a t io n  from 2-methoxyethanol gave the product 
(1 4 $ ) ,  m.p. 290-91° (Found: C, 57 .95; H, 7 .7 ;  N, 2 7 .7 .  C12Hig N50 
re q u ire s :  C, 5 7 .8 ;  H, 7 .7 ;  N, 2 8 .1 $ ) .  The $ y ie ld  was based on 3-am ino-
5 -e th y la m in o -1 -m e th y lp y ra z o le -4 -c a rb o n it r i le  used, as the immediate  
precursor, 5 -e th y la m in o -3 - (2 ,2 -d im e th y l-1 -o x o p ro p y la m in o )-1 -m e th y l-  
p y r a z o le - 4 - c a r b o n i t r i l^  was used as soon as i t  had been is o la te d ,  
w ithout being d r ied  or r e c r y s t a l l i s e d .
3 -A m in o -6 -(1 . 1 -d im e t h y le th y l ) -2 -p r o p y l -5 H -p y r a z o lo - (3 .4 -d ) -p y r im id in -
4-o n e . R e c ry s ta l l is a t io n  gave the product (4 9 $ ) ,  m.p. 244 -6°  (Found:
C, 58 .0 ;  H, 8 .0 ;  N, 28 .2 5 . C^H^N.-O re q u ire s :  C, 5 7 .8 ;  H, 7 .7 ;  N, 2 8 .1 $ ) ,12 iy  b
6 (dmso-d ) 10 .6 5°  (1H, s, NH), 6 .3 °  (2H, s, NH2 ) , 3 .9  (2H, t ,  NCH2 ) ,
1 .7  (2H, m, CH2 ) ,  1 .27 (9H, s, CMe3 ) ,  0 .8  (3H, t ,  M e ) .  The $  y ie ld  
was based on 3 ,5 -d ia m in o -1 -p r o p y lp y r a z o le -4 -c a r b o n i t r i le  used, as the  
immediate p recursor, 5 -a m in o -3 - (2 ,2 -d im e th y l-1 -o x o p ro p y la m in o )-1 -p ro p y l-  
p y r a z o le - 4 - c a r b o n i t r i le ,  was used as soon as i t  had been is o la t e d ,  
w ithout being d r ied  or r e c r y s t a l l i s e d .
3 -P ro p y la m in o -6 - (1 , 1 -d im e th y le th y l ) -2 -m e th y l -5 H -p y r a z o lo - (3 ,4 -d ) -  
p y r im id in -4 -o n e , . which p r e c ip i ta te d  from the h o t,  a lk a l in e  re a c t io n  
m ixtu re . R e c r y s ta l l is a t io n  gave the product (3 5 $ ) ,  m.p. 261 -3°
(Found: C, /5 9 .1 5 ;  H, 8 .0 ;  H, 26 .9 5 .  re q u ire s :  C, 5 9 .3 :  H. 8 .0 5 ;
H, 2 6 .6 $ ) .
6 - ( l . 1 -D im e th y le th y l ) -2 -m e th y l-3 —( 1 -p ip e r id in y l ) -5 H ^ pyra z o l o - ( 3 , 4 - d ) -  
pyr im id in -4 -o n e , which p r e c ip i ta te d  during the heating  p e r io d ,  and 
was f i l t e r e d  o f f  from the h o t, a lk a l in e  re a c t io n  m ixture  a f t e r  20 
hours. R e c ry s ta l l is a t io n  from 2-methoxyethanol gave the product 
( 7 $ ) ,  m.p. 315 -8°  decomp. (Found: C, 6 1 .9 ;  H, 8 .1 5 ;  N, 2 3 .8 5 .  ^ 5 ^ 2 3 ^5 ^
re q u ire s :  C, 62 .25 ; H, 8 .0 ;  l\!, 2 4 .2 $ ) . ,
This compound was also prepared as fo l lo w s :
3 - (2 ,2 -d im e th y l -1 -o x o p r o p y la m in o ) -1 -m e th y l -5 - ( l -p ip e r id in y l ) - p y r a z o le -
4 - c a r b o n i t r i l e  ( 1 .4  g, O.OOSM), 0.5M_-sodium hydroxide (40 ml, 0.02M) 
and 100 volume hydrogen peroxide (3 .5  ml) were heated under r e f lu x  fo r  
20 hours. The p r e c ip i t a t e  was f i l t e r e d  o f f  from the hot m ix tu re  and 
r e c r y s t a l l i s e d  from 2-methoxyethanol to give 6 - ( l , 1 -d im e t h y le th y l ) -
2 - m e t h y l - 3 - ( l - p ip e r id in y l ) - 5 H - p y r a z o lo - ( 3 .4 - d ) - p y r im id in - 4 - o n e  ( 0 .3  g, 
2 1 $ ) ,  m.p. 315-8°  decomp. (Found: C, 6 2 .6 ;  H, 8 .0 5 ;  l\l, 24.4*. C^^^gNj-O 
re q u ire s :  C, 62 .25 ; H, 8 .0 ;  N, 2 4 .2 $ ) .
3 -A m in o -6 - ( l , 1 -d im e th v le th y l ) -5 H -p y r a z o lo - (3 .4 -d ) -p y r im id in -4 -o n e
5 -A m in o -3 - (2 ,2 -d im 3 th y l-1 -o x o p ro p y la m in o ) -1 - (2 ,2 -d im e th y l-1 -o x o p ro p y l) -  
p y r a z o le -4 -c a r b o n i t r i le  (10 g, 0.034M) was heated under r e f lu x  in  1F1- 
sodium hydroxide (100 ml) fo r  3-J hours. A tra c e  of s o l id  was f i l t e r e d  
o f f  and the f i l t r a t e  was cooled and n e u tra l is e d  to  pH 7-8  w ith  D -h yd ro ch lo r ic  
acid  and a l i t t l e  potassium carbonate. The p r e c ip i t a t e  was r e c r y s t a l ­
l is e d  from 80:20 e th an o l:w ater  to give the product (1 .4  g, 2 0 $ ) ,  
m.p. 331 -2°  decomp. (Found: C, 51 .95; H, 6 .6 ;  N, 3 3 .6 5 .  CgH^Nj-Q 
re q u ire s :  C, 5 2 .2 ;  H, 6 .3 ;  N, 3 3 .8 $ ) .  A second crop o f product 
(0 .4  g, 5 .5 $ ) ,  m.p. 331-2° decomp., was obtained from the r e c r y s t a l ­
l i s a t i o n  l iq u o rs .
Reaction of 3 , 5 - b i s ( 2 , 2-Dimethy1 -1 -o x o p ro p y lam in o )-1 -m eth y lp y razo le -
4 - c a r b o n i t r i l e  w ith  aqueous a l k a l i  •
The b is -acy lam inopyrazo le  (3 .0 5  g, 0.01M) was heated under r e f lu x  in  
1Mj-sodium f/ydroxide (30 ml, 0.03M) fo r  6 hours. The s o lu t io n  was' f i l t e r e d ,  
n e u tra l is e d  to pH 7-8  w ith  c_-hydrochloric acid and cooled to 0 ° .
The p .m .r .  spectrum of the w hite  p r e c ip i t a t e  (1 .4  9> .64$) showed i t  to  
be a m ixture  o f roughly equal amounts o f 1 -m eth y l, and 2 -m e th y l - , 
3 - a m in o - 6 - ( l , 1 -d im e th y le th y l -5 H -p v r a z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e s ,
162 and 161, r e s p e c t iv e ly .  .
P a r t i a l  separation  o f the two isomers was achieved by e x t r a c t in g  a
s im i la r  m ixture w ith  hot e th y l  a c e ta te ,  which l e f t  a res idue  o f  the
pure 2-m ethyl isom er, 161. Evaporation of the f i l t r a t e  l e f t  a roughly
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70:30 m ixture  o f the 1 -m e th y l, and 2 -m e th y l- , isomers .
The 70:30 m ixture  (80 g) was s t i r r e d  w ith  b o i l in g  5 jV h yd ro ch lo ric
acid  (175 m l) .  A tra c e  o f s o l id  was f i l t e r e d  o f f  and the f i l t r a t e
was allowed to cool fo r  1 hour, to 3 5 ° ,  to g ive a p r e c ip i t a t e  o f the  
hydroch loride  of 3 - a m in o - 6 - ( l , 1 -d im e th y le th y l ) -1 -m e th y l-5 H -p y ra z o lo -  
( 3 , 4 -d ) - p y r im id in -4 -o n e , 6 (dmso-d^) 1 1 .3 5°  (1H, s, NH), 8 .5 5 °
(3H, b, NH2 + NH+ ) ,  3 .74  (3H, s, NMe), 1 .32  (9H, s, C N e^ .
The hydroch loride  was d issolved in  1f[-sodium hydroxide (100 ml) and the  
s o lu t io n  was n e u tra l is e d  to pH 7 w ith  jc -hydroch loric  a c id .  The p r e c ip i t a t e  
was r e c r y s t a l l i s e d ,  w h ile  s t i l l  w ate r -w e t,  from ethanol to g ive
3 - a m in o - 6 - ( l , 1 -d im e th y le th y l ) -1 -m e th y l -5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -
4 -o n e , 162 (4 .7  g, 8$ re c o v e ry ) ,  m.p. 235-8°  (Found: C, 54 .65 ;
H, 7 .0 5 ;  H, 3 1 .8 5 .  C H N 0 re q u ire s :  C, 5 4 .3 ;  H, 6 .8 5 ;  N, 3 1 .6 5 $ ) ;
— I U I w U
6 (dmso-d ) 1 1 .0 °  (1H, s, NH), 5 .2 5 °  (2H, s, NHg), 3 .62  (3H, s, NMe),
I . 3  (9H, s, CMe ) ;  pK 1 0 .5 .
O 3
3 -A m in o -6 -e th y l -2 -m e th y l-5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e
3 ,5 -D ia m in o -1 -m e th y lp y ra z o ie -4 -c a rb o n it r i le  (2 0 .5  g, 0.15M) was 
suspended in  p y r id in e  (125 ml) and propanoyl c h lo r id e  (14 ml, 14.1 g,
0.15M) was added c a u t io u s ly .  The m ixture  became ho t. The m ix tu re  was 
l e f t  a t  room temperature overn ight and then concentrated to  leave  crude
5-am ino-3 - ( 1 -o x o p ro p y la m in o )-1 -m e th v lp y ra z o le -4 -c a rb o n itr i le  as a golden 
o i l .  The o i l  was heated under r e f lu x  in  2Mi-sodium hydroxide (100 ml)  
fo r  1^ - hours. The so lu t io n  was cooled and a c id i f i e d  to pH 4 -5  w ith  
c^-hydrochloric a c id .  Scratching induced c r y s t a l l i s a t i o n .  The p r e c i -
p i t a t e  was r e c r y s t a l l is e d  from 60:40 e thano l:w ater  to g ive 3-am ino-
6 -e th y l -2 -m e th y l -5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e  (4 .1  g, 1 4 $ ) ,  
m.p. 322-4°  (Found: C, 49 .85; H, 5 .8 ;  N, 36 .6 5 . CgH^NgO re q u ire s :
C, 49 .7 5 ; 5 .7 5 ;  N, 3 6 .2 5 $ ) .
3 -A m in o - 2 - b u t y l - 6 - ( l , 1 -d im e th y le th v l ) -5 H -p y ra z o lo - (5 .4 -d )~ p y r im id in ^
4-o ne
1) 3 , 5 -D ia m in o p y ra z o le -4 -c a rb o n it r i le  (21 g, 0 .17M ), iodobutane  
(1 8 .5  ml, 29 .7  g, 0 .16M ), potassium carbonate (30 g, 0 .2 2M ),  
and acetone (200 ml) were s t i r r e d  a t  room temperature f o r  18 
hours and then heated under r e f lu x  f a r  3 hours. The m ix tu re  was 
f i l t e r e d  and the f i l t r a t e  was evaporated to leave a ye llo w  t a r  
which was s t i r r e d  w ith  b o i l in g  ethanol (50 m l) .  The m ix tu re  was 
cooled and f i l t e r e d  and the f i l t r a t e  was evaporated to leave  
impure 3 , 5 -d ia m in o -1 -b u tv lp y r a z o le -4 -c a r b o n i t r i le  as an o i l .  The 
o i l  was d issolved in  p y r id in e  (80 ml) and 2 ,2 -d im eth y lp ro p an o y l  
c h lo r id e  (1 6 .8  g, 0.14M) was added c a u t io u s ly .  The s o lu t io n  
became ho t. I t  was l e f t  a t  room temperature overn igh t and then  
poured in to  a m ixture  o f ic e  (200 g) and c_-hydrochloric acid
(125 m l) .  Crude 5 -a m in o -1 -b u ty l -3 - (2 ,2 -d im e th y l-1 -o x o p ro p y la m in o ) -  
p y r a z o le -4 -c a r b o n i t r i le  separated as an o i l .  The o i l  was heated  
under r e f lu x  w ith  2Mi-sodium hydroxide (100 ml) fo r  3 hours. The 
m ixture  was cooled and f i l t e r e d .  The f i l t r a t e  was n e u tra l is e d  to  
pH 7 w ith  ^ -h y d ro c h lo r ic  acid  and the p r e c ip i ta te  was r e c r y s t a l ­
l is e d  from ethanol to g ive  3 - a m in o - 2 - b u t y l - 6 - ( l , 1 -d im e t h y le th y l ) -  
5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e  (1.'1 q, 2 .5 $ ) ,  m.p. 228 -9 °  
(Found: C, 59 .45; H, 8 .0 5 ;  N, 2 7 .0 .  C^H^N^O re q u ire s :  C, 5 9 .3 ;
H, 8 .0 5 ;  N, 2 6 .6 $ ) ,  6 (dmso-d6 ) 1 0 .6 5°  (1H, s, NH), 6 .3 °  (2H, s, 
NH2 ) ,  3 .9  (2H, t ,  NCH2 ) ,  1 .7  (4H, m, CH2 .CH2 ) ,  1 .25  (9H, s, CMe3 ) ,  
0 .8  (3H, t ,  C-Me).
2) The product (25$) m.p. 2 2 8 -9 ° ,  was a lso  prepared s im i la r ly  from
3 ,5 -d ia m in o -1 -b u ty lp y ra z o le -4 -c a r b o n i t r i le  which had been prepared  
from b u ty l  hydrazine sulphate and potassium tricyanom ethan ide .
3 -A m in o -6 -m e th y l-2 -p h e n y l-5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e , 152 
A cetic  anhydride (5 .1  g, O.GSM) was added to a m ixture  o f 3 ,5 -d ia m in o -  
1 -phenylpyrazo le-4 -carboxam ide (1 0 .8  g, 0.Q5M) and a c e t ic  acid  (15 ml) 
causing a marked r is e  in  tem perature , The black s o lu t io n  was heated  
under r e f lu x  f o r  16 hours and then cooled and poured in to  2M_-sodium 
hydroxide (200 m l) .  A t ra c e  of in s o lu b le  s o l id  was f i l t e r e d  o f f  and 
the f i l t r a t e  was adjusted to pH 7 w ith  hydroch lo r ic  a c id .  The product 
(6 .1  g, 51$) p r e c ip i ta te d .  I t  was r e c r y s ta l l is e d  from 2-m ethoxyethanol/w ater  
(20 ml o f w ater) to g ive  a white  powder (3 .6  g, 3 0$ ),  m.p. 279 -81°
(Found: C, 6 0 .1 ;  H, 4 .6 5 ;  N, 29 .3 5 .  ^'']2^11^56 r e 9ui res: C, 59 .7 5 ;
H, 4 .6 ;  N, 2 9 .0 5 $ ) .
3 -A c e ty la m in o -2 -p h e n v l-5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e , 155
3.5 -D iam ino-1-phenylpyrazole-4-carbo.xam ide (6 .9  g, 0 .033M ), t r i e t h y l -  
orthoform ate  (9 .5  g, 0.066M) and a c e t ic  anhydride (25 ml) were heated  
under r e f lu x  fo r  6 hours. The m ixture  was evaporated a t  reduced pressure  
to leave  a brown s o l id  which was r e c r y s t a l l is e d  from 2-methoxyethanol
to  g ive the product (1 .5  g, 1 8$ ),  m.p. 259-60° (Found: C, 5 8 .4 ;  H, 4 .1 5 ;
N, 2 5 .7 .  C<13H11I\1502 re q u ire s :  C, 58 .0 ;  _N, 4 .1 ;  l\l, 2 6 .0 $ ) .
3 -A m in o -6 - ( l , 1 -d im e th y le th y l ) -2 -p h e n y l -5 H -p y r a z o lo - (3 ,4 -d ) -p y r im id in -  
•4 -o n e , 152
3.5 -D iam ino-1 -pheny lpyrazo le-4 -carboxam ide  (1 0 .8  g, 0.05M) was added 
to  a s o lu t io n  o f 1 , 1-dim ethylpropanoic  acid  (20 g) in  the r e la te d  acid  
anhydride ( 9 .3  g, O.OSM). The s o lu t io n  was heated under r e f lu x  f o r
24 hours and then cooled to 50° and poured in to  2jM-sod.ium hydroxide
(250 m l) .  The m ixture  was s t i r r e d  a t  60° fo r  20 minutes and then the
in s o lu b le  t a r  was f i l t e r e d  o f f .  The f i l t r a t e  was cooled and n e u tra l is e d
to pH 7-8 w ith  h yd ro ch lc r ic  ac id .  The s t ic k y  p r e c ip i t a t e  hardened s lo w ly .
I t  uas r e c r y s ta l l is e d  from ethanol con ta in ing  a small amount o f w ater
( i t  was in s o lu b le  in  dry e thano l) to  g ive the product ( 1 .4  g, 1 0 $ ) ,
m.p. 212-4° (Found: C, 6 3 .0 ;  H, 5 .5 8 ;  !\), 2 5 .1 .  C. ,-H .J^O re q u ire s :
l b  I f  a
C, 6 3 .6 ;  H, 6 .0 5 ;  N, 2 4 .7 $ ) .
The t a r  which had been f i l t e r e d  o f f  was r e c r y s ta l l is e d  from e thano l  
co n ta in in g  a small amount of water to give a white  powder (0 .4  g ) .
From i t s  e lem ental a n a ly s is  i t  was assumed to be 3 - ( 2 ,2 - d im e t h y l - 1 -  
o x o p ro p y la m in o )-6 -(1 , 1 -d im e th y lg th y l ) -2 -p h e n y l -5 H -p y r a z o lo - (3 ,4 -d ) -  
p y r im id in -4 -o n e , 155 (Found: C, 64 .95 ; H, 7 .05 : N 1 3 .9 .  ^20^25^56 2
re q u ire s :  C, 65 .35; H, 6 .8 5 ;  N, 19*0 5 $ ) .
3 -A m in o -2 -m e th v lp y ra z o lu -(3 ,4 ~ d )-p v r im id in e -4 , 6 -d ith io l
3 . 5 -D ia m in o -1 -m e th y lp y ra z o le -4 -c a rb o n itr ile  (1 3 .7  g, 0 .1 M ), carbon
d is u lp h id e ^ (60 m l, la rg e  excess) and p y rid in e  (60 m l) were heated
under r e f lb x  fo r  2 hours. The m ixtu re  was cooled and the  p r e c ip ita te
was f i l t e r e d  o f f  and s t i r r e d  w ith  Ifh-sodium hydroxide (150 m l) . An
in s o lu b le , ye llow  s o lid  was f i l t e r e d  o f f  (8 .1  g ) .  The f i l t r a t e  was
ad justed  to pH 7 w ith  c_-hydrochloric acid  and the p r e c ip ita te  was
washed thoroughly w ith  w ater and w ith  acetone to g ive the  product
(6 .7  g, 3 1 $ ), m.p. >350° (Found: C, 3 4 .1 ; H, 3 .2 5 ; N, 3 2 .9 5 .
C-H^Nt-S,- re q u ire s : C, 3 3 .8 ; H, 3 .3 ; N, 3 2 .8 5 $ ).  
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3 -A m in o -2 -p h e n y l-p y ra z o lo -(3 ,4 -d )-p y r im id in e -4 ,6 -d i th io l
3 . 5 -D ia m in o -1 -p h e n y lp y ra z o le -4 -c a rb o n itr ile  (10 g, 0 .0 5 M ), carbon 
d is u lp h id e  (60 m l) and p y rid in e  (60 m l) were heated under r e f lu x  fo r  
12 hours and then the  m ixture  was d is t i l l e d  u n t i l  the head tem perature  
was steady a t approx. 115°. The re s id u a l s o lu tio n  was cooled and 
poured in to  a m ixtu re  o f ic e  (200 g) and c_-hydrochloric ac id  (100 m l) .
The ye llo w  p r e c ip ita te  was f i l t e r e d  o f f ,  washed w e ll and s t i r r e d  w ith  
iri-sodium  hydroxide (150 m l) a t  5 0 ° . The in s o lu b le  m a te r ia l was f i l t e r e d  
o f f  and the  f i l t r a t e  was a c id if ie d  w ith  jc -h yd ro ch lo ric  ac id  to  
re p r e c ip ita te  the product (6 g, 3 8 $ ), m.p. 301 -2° decomp. (Found:
C, 4 8 .4 5 ; H, 3 .6 ;  N, 2 5 .8 5 . ^Hgl\!j-S2 re q u ire s : C, 4 8 .0 ; H, 3 .3 ;
N, 2 5 .4 5 $ ).
1-lvle th y l-3 -n it r o -6 - t r i f lu o r o m e th y l-5 H -p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e
Fuming n i t r i c  ac id  ( S .g .* 1 .5 )  (16 m l) was added to a s o lu tio n  o f
581 -m e th y l-6 -tr if lu o ro m e th y l-5 jH -p y ra z o lo -(3 ,4 -d )* :“p y rim id in -4 -o n e  (4  g,
0.018M) in  concentrated su lp h u ric  ac id  (8 m l) ,  and the s o lu tio n  was 
heated under r e f lu x  fo r  2 hours. The s o lu tio n  was allow ed to  cool to  
room tem perature and poured onto ic e  (50 g ). The p r e c ip ita te  was 
d isso lved  in  O.SJVsodium hydroxide s o lu tio n  (80 m l) . A d d itio n  o f 
js -h yd ro ch lo ric  a c id , u n t i l  the pH o f the m ixture  reached 2, r e p r e c ip i­
ta te d  the product (3 .3  g, 6 8 $ ), m.p. 256 -7 ° (Found: C, 3 2 .1 ; H, 1 .3 5 ;
N, 2 6 .4 5 . C H4F N 0 re q u ire s : C, 3 1 .9 5 ; H, 1 .5 5 ; l\l, 2 6 .6 $ ) .
3 -A m in o -1 -m e th y l-6 -tr if lu o ro m e th v l-5 H -p y ^ a z o lo -(3 ,4 -r i)-p y ^ im id in -
4 -o n e , 145 .
1~lvle th y l-3 -n it rp -6 - t r i f lu o ro m e th y l-" 5 <H -pyrazp lP “ (3 ,4 -d )-p y r im id in --4 -o n e  
(2 .6  g, 0 . d in ) , ' i r o n  powder (4 .2  g, 0 .075M ), ^ -h y d ro c h lo r ic  ac id  (0 .8  m l) ,
2 -propanol (30 m l) and w ater (30 m l) were s t ir r e d  and heatGd under 
r e f lu x  fo r  4 hours. The m ixture  was cooled and f i l t e r e d  through  
k ie s e lg u h r (m e ta s il A ). The k ie s e lg u h r and s o lid s  from the re a c tio n  
were s t i r r e d  w ith  1JM-sodium hydroxide (40 m l) and the in s o lu b le  res id u e  
was f i l t e r e d  o f f .  A d d itio n  of _c-hydrochloric  acid  to the f i l t r a t e ,  to  
pH 5, p re c ip ita te d  the product ( 1 .6  q. 7 0 $ ). m.p. 304-6° decomp. (Found:
C, 3 5 .8 5 ; H, 2 .4 5 ; N, 2 9 .9 5 . C ^ F ^ O  re q u ire s : C, 3 6 .0 5 ; H, 2 .6 ;
N, 3 0 .0 5 $ ).
P o o o -2 - 1~3 -Am ino-6-( 1 , 1 -d im e th y le th y l-4 -o x o -5 H -p v ra z o lo - (3 .4 -d )~ p y r im id in -2 -y l I-  
e th y l su lp h ate , 184
3 -A m in c -2 -(2 -h y d ro x y e th y l) -6 - ( l ,1 -d im e th y le th y l) -5 H _ -p y ra z o lc -(3 ,4 -d )-
. pyrim .id in -4 -one  (5  g, 0.02M) was added slow ly to  concentrated s u lp h u ric  
acid  (10 m l) . The tem perature o f the m ixtu re  rose to 100° du rin g  the  
a d d it io n . The s o lu tio n  was kept a t 130-35° fo r  3 hours and then cooled  
and poured onto ic e  (30 g ) .  The w h ite  p r e c ip ita te  was f i l t e r e d  o f f ,  
water-washed and d isso lved  in  SPI-sodium hydroxide (20 m l) .  A tra c e  o f  
s o lid  was f i l t e r e d  o f f .  A c id if ic a t io n  o f the f i l t r a t e  w ith  h y d ro c h lo ric  
acid  re p re c ip ita te d  the product (4 .4  g, 6 7 $ ), m.p. 307 -9° decomp. (Found:
C, 3 9 .8 5 ; H, 5 .5 5 ; l\l, 2 0 .8 5 . C^H^N^O^S re q u ire s : C, 3 9 .8 5 ; H, 5 .1 5 ;
N, 2 1 .1 5 $ ) , 6 (dmso-d6 ) 1.61 (9H , s ) ,  4 .4  (2H, d, 35H z), 4 .5 2  (2H, d, 05H z),
7 -8 G (4H, broad ).
3 -A c e ty la m in o -2 -m e th y l-6 -(1<1 -d im e th y le th y l) -5 H -p y ra z o lo - (3 .4 -d ) -  
p y r im id in -4 -o n e , 179
A ce ty l c h lo r id e  (3 .5  m l, 3 .8  g, 0 .049N ) was added slow ly to  a m ix tu re  o f
3 -a m in o -6 - ( l*1 -d im e th y le th y l) -2 -m e th y l-5 H -p y ra z o lo -(3 ,4 -d .)-p y r im i d in -
4-one (1 0 .5  g, 0.047!^) and p y r id in e  (50 m l) ,  causing a tem peratu re  r is e  
to  approx. 5 0 °. The s o lu tio n  was l e f t  a t  room tem perature o v e rn ig h t  
and then co n centra ted , a t reduced pressure , to  a golden o i l  which was 
d isso lved  in  0 . 5 f[-h yd ro ch lo ric  acid  (20 m l) . S cratch ing  induced  
c r y s t a l l is a t io n .  The p r e c ip ita te  was r e c r y s ta l l is e d  from 80:20  
e th a n o l:w a te r to  g ive the  product (1 .5  g, 1 2 $ ), m.p. 3 40 -2 ° deccmp.
(Found: C, 5 5 .0 ; H, 6 .4 ; N, 2 6 .7 . re q u ire s : C, 5 4 .7 5 ;
H, 6 .5 ;  N, 2 6 .6 $ ) .
3 - r b is - ( [ /le th an esu .lp h o n yl)-am in o 1-2 -m eth y l-6 -( 1 , 1 -d im e th y le th y l)-5 H -  
p y ra z o lo - (3 ,4 -d ) -p y r im id in -4 -o n e , 180
Methanesulphcnyl c h lo r id e  (9  m l, 12 .9  g, 0.1111) was added to  a m ixtu re  
o f 3 -a m in o -6 - ( l , 1 -d im e th y le th y l) -2 -m e th y l-5 H -p y ra z o lo -(3 ,4 -d )-p y r im id in -
4-one (11 g, 0 .0 5 ^ ) ,  t r ie th y la m in e  (21 m l, 15 .3  g, 0.15M ) and t e t r a 1- 
hydrofuran (85 m l) . S u f f ic ie n t  heat was evolved to cause the  m ixture  
to  b o i l .  When the re a c tio n  had subsided, the m ixture  was heated under 
r e f lu x  fo r  a fu r th e r  3 hours, and then cooled and f i l t e r e d .  The 
f i l t r a t e  was evaporated and the res idue  was r e c r y s ta l l is e d  from a la rg e  
amount o f 80:20 e th a n o l:w a te r to  g ive  the product (3^8 g, 2 0 $ ), m.p. 
2 58 -9 ° decomp. (Found: C, 38 .5 5 ; H, 4 .8 5 ; M, 1 8 .5 5 . ^12^19*^5^5^2 
re q u ire s : C, 3 8 .2 ; H, 5 .0 5 ; N, 1 8 .6 $ ) ,  6 (dmso-d6 ) ‘ 1 0 .5 °  (1H , s, NH),
3 .95  (3H, s, r in g  M e), 3 .7  (6H, s, 2 x S02Me) and 1 .3  (9H, s , ■ CPIeg)•
3 -P h en y lm e th y le n a m in o -6 -(l, 1 -d im e th y le th y l) -2 -m e th y l-5 H -p y ra z o lo - (3 .4 -d ) -  
p y rim id in -4 -o n e . 181
3 -A m in o -6 -( l , 1 -d im e th y le th y l) -2 -m e th y l-5 H -p y ra z o lo -(3 ,4 -d )-p y r im id in -
4-one (2 .2  g) was heated under r e f lu x  in  benzaldehyde (6 .6  m l) fo r  1-g- 
hours. The s o lu tio n  was cooled to room tem perature to  p r e c ip i ta te  the  
product (2 .4  g, 78$) m.p. 2 5 0 -5 3 °, which was washed w ith  e th a n o l.
(Found: C, 6 6 .3 5 ; H, 6 .3 ;  N, 2 2 .8 . C^H^NgO  re q u ire s : C, 6 6 .0 ;  H, 6 .2 ;  
N, 2 2 .6 5 $ ) .
X I« REFERENCES -
A b b rev ia tio n s  o f t i t l e s  o f jo u rn a ls  are to  B r i t is h  Standard 4148.
I
1. E. A lle n s te in , Chem. B e r . , 1963, 96, 3230-42.
2. E. A lle n s te in  and R. Fuchs, Chem. B e r . . 1967, 100, 2604 -15 .
3. E. A lle n s te in  and P. Q uis, Chem. B e r . , 1963, 9 6 , 1035-45 .
4 . F. A rndt, H. Scholz^and E. F ro b e l, Justus L ie b ig s  Ann. Chem.,
1935, 521 , 95-121 .
5. S. Baldw in, 3 . Pro. Chem., 1961, ^26, 3288-95.
6 . L .3 .  Bellam y, "The In f r a - r e d  Spectra o f Complex M o lecu les",
3rd E d ., Chapman and H a ll  (London), 1975, and "Advances in  
In f r a - r e d  Group Frequencies", Methuen and Co. L td . (London), 
1968.
7 . L . Birckenbach and K. H u ttn e r, Ber. d t .  Chem. Ges. ( B e r l in ) , 
1929, 62, 153-63 .
8 . N.D. Bodnarchuk, B.B. G avrilenko , and V. \ l • Momot:
a ) Zh. Orq. K h im ., 1973, 9., 36 -8 ;
b) i b i d , 1974, JHD, 601 -4 .
9 . R .H . Boyd:
a ) 3 . Am. Chem, S o c ., 1961, 8 3 , 4288-90;
b) 3 . Phys. Chem., 1953, 67, 737 -44 .
10. R .A. C arboni, Orq. S y n th ., 1959, 39 , 64.
11. A. Claus:
a ) Ber. d t .  Chem. Ges. ( B e r l in ) , 1876, 9^ , 223-8;
b) Justus L ie b ig ^  Ann. Chem. Pharm ., 1878, 191, 34-5..
12. N. Coenen, 3 . Faust, C. R inge l,and  R. Mayer, 3 . P ra k t. Chem.,
1965, 27, 239 -50 .
13. E. Cox and A. F o n ta in e , B u ll.  Soc. Chim. F r . , 1954, [5 ]  2J[, 948.
14. A. Dornow and K. Dehmer, Chem. B e r . , 1967, 100, 2577 -84 .
15. A. Dornow and H. G rabhoefer, Chem. B e r . , 1958, 91 ,^ 1824 -9 .
16. E. E ricsso n , 3. Sandstroem,and I .  Wennerbeck:
a ) Acta. Chem. Scand., 1970, 24? 3102-8;
b) i b i d , pp. 1191-201.
I
17. O.P. F e r r is ,  U .S . P a t . , 3 ,6 7 0 ,0 0 7 . \
18. T . F a ir le y ,  Justus L ie b ig 1s Ann. Chem, Pharm ., 1864 -6 , Supl. 3 , 371.
19. H. Goldschmidt and M. Hoenig, Ber. d t .  Chem. Ges. ( B e r l in ) ,
1887, 20, 199-201.
20. R. Gompper and W. T H p fl:
a ) Ghem. B e r , , 1962, 9 5 , 2861-70;
b) i b i d , pp. 2871-80;
c) i b i d , pp. 2881-4 .
21. A. H a l le r ,  C .r .  hebd. Seanc. Acad. S c i. ( P a r is ) , 1890, 111 , 5 3 -6 .
22. A. Hantsch and G. Osswald, Ber. d t .  Chem. Gss. ( B e r l in ) , 1899, 32,
641 -50 .
23. U .R . Hatchard, 3 . Orq. Chem., 1963, 28 , 2163-4 .
24. K. H artke , Anoew. Chem., 1964, 76 , 781.
25. B.C. Hesse, Am. Chem. 3 . , 1896, 18, 723-51 .
26. K. Is s le ib ,  H. Koehler, and G. liJ il le , Z. Chem. (L e ip z ie q ) , 1973,
13 , 347 -8 .
27. A.K. Jensen and L. H enriksen, Acta. Chem. Scand., 1968, 2 2 ,
1107-28.
28. H. Kano, Y. flakisumi, and K. Ogata, Chem. Pharm. B u ll .  (T o k y o ),
1958, 6_, 105-7 .
29. R .E . K itson and N .E . G r i f f i t h ,  A nal. Chem., 1952, 24_, 334.
30. H. K oeh ler, Z. Anoro. A llg . Chem., 1964, 351, 237 -48 .
31. H. Koehler and G. Lux, In o rq . N ucl. Chem. L e t t . , 1968, £ ,  1 3 3 -6 .
32. B.C. McKusick, R .E . H eckert, T .L . C a irn s , D.D. Coffman,and
H .F . flower, 3 . Am. Chem. S o c ., 1958, 8 0 , 2806-15.
33. G. Longo, Gazz. Chim. I t a l . , 1931, .6 1 ,  561 -75 .
34. D. M artin  and S. Rackow, Chem. B e r . , 1965, 9J3, 3662-71 .
I
35. R. M ertz , D. van Asshe, 3 .P . F leury, and M. R e g itz , D u ll .  Sac. Chim. F r . , 
1 9 7 3 ,.[1 2 ], 3442-6 .
36. C. M etzger and R. U e g le r, Chem. B e r . , 1968, 101, 1131 -3 .
37. D. M a rtin , K-H. Schwarz, S. Rackow, P. Reich, and E. GrBndemann,
Chem. Ber. , 1966, 99_, 2302-11.
38. W.3. M iddleton  and V.A. E ngelhardt:
a ) 0 . Am. Chem. S o c ., 1958, 80_, 2788-95;
b) ib i d , pp. 2829-32.
39. liJ.3. M id d le to n , E .L . L i t t l e ,  D .D. Coffman,, and i/.A . E n g e lh ard t,
3. Am. Chem. S o c ., 1958, 8 0 , 2795.
40. T. Nakai and M. Okewara, B u ll .  Chem. S oc., 3apan, 1970, 4 3 ,
3528-34.
41. N .H. N ilsson and 3 . Sandstr.oem, S yn th es is , 1974, 4 3 3 -4 .
42. Y. Ohtsuka, P a t. 3apan K oka i: 74 20 168 and 74 41 317.
43. F . Pfankuch:
aV 3 . P ra k t. Chem., 1871, [ 2 ] _4, 38 -9 ;
b) i b i d , [2 ]  .6, 99.
44. H. Schmidtmann, Ber. d t .  Chem. Ges. ( B e r l in ) , 1896, 29 , 1168 -75 .
45. H. Stamm and G. F B h rlin g , Tetrahedron L e t t . , 1970, 1937 -40 .
46. T. Takeshima, M. Yokoyama, N. Fukada', and M. Akano ~'3~.'~'~0rq. Chem., 1970,
35, 2438-40 .
47. E .C. T a y lo r , A. McKillop, and R.N. W arrener, T e trah ed ro n , 1967,
2 3 , 891-6  (in c lu d e s  26 re fe ren ces  to o th er papers by the  same 
a u th o rs ).
48. E .C . T a y lo r , 0 . l/ogl and C.C. Cheng, 3 . Am. Chem. S o c ., 1959,
81, 2442 -8 .
49. S. Trofimenko, E .L . L i t t l e ,  Jnr .,  and H.h . I'louer, J. u rq . th em ., 
1962, 27, 433 -8 .
51. K. l i la l le n fa l ls ,  K. F r ie d lic h ,  3 . R ie s e r, W. E rte3 ,an d  H.K. Thieme, 
Anqeu. Chem. In t .  Ed. E n g l. , 1976, 15 , 261 -9 .
52. H. Wamhoff, Chem. B e r . , 1968, 101, 3377-85.
53. Communications from C .R .H . W hite .
54. In te r n a l Reports by P.M. Hudson and C .R .H . W hite.
55. I  thank D r. N.H. De'Ath fo r  the loan o f i . r .  spectra  o f oxime 
carbamates.
56. I  thank D r. F I.F .C . Ladd fo r  c a rry in g  out the X -ray  c r y s t a l lo -  
graphic  a n a ly s is  a t  the  U n iv e rs ity  o f S urrey.
57. I  thank D.W.H. Lane and h is  team fo r  c a rry in g  out the  p a r t i a l  
sep ara tio n  o f the pyrazo lopyrim id inone isom ers, and supplying  
the 70:30 m ix tu re .
50. O. 'l/o ’ id  E .C . T a y lo r , H. Am. Chem. S o c ., 1?57, 1518-19.
58. I  thank D r. A. P e rc iv a l fo r  supplying the sample o f 1 -m e th y l-6 -  
t r if lu o ro m e th y l-5 iH -p y ra z o lo -(3 ,4 -d )-p y r im id in -4 -o n e .
X I I .  Compound T y p e  I n d e x
Acetam ide, N -a lk y ld ic y a n o , s a lts :  8 , 9 , 2 9 -3 5 , 76, 92, 9 3 -6 , 101.
-  , cyano-hydroxyim ino: 7 , 47.
-  , d icyano, s a lts :  3, 6 , 2 9 -35 , 76, 100-101.
, dicyano-JM-phenyl, and s a lts :  4 , 8 , 76, 95, 102.
A cetic  A cid , d icyano, e th y le s te r ,  s a lts :  4 , 8 , 3 6 -44 , 77 , 93, 102.
-  , -  , p h e n y le s te r, potassium s a l t :  8 , 37, 94.
Benzaldehyde, m ethyl- ( 1 -a lk y la m in o -2 ,2 -d ic y a n o e th e n y l)-h y d ra zo n e s : 55, 84 , 143 -4 .
-  , m e th y l-(2 ,2 -d ic y a n o -1 -m e th y lth io e th e n y l)-h y d ra z o n e : 51, 55, 143. 
B en zim id azo lin e , 2 -(2 -a lk y la m in o -1 -c y a n o -2 -o x o e th y lid e n e ): 31, 85 , 130.
-  , 2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y lid e n e ): 19, 31, 85 , 129-131.
-  , 2 -(2 -a ry la m in o -1 -c y a n o -2 -o x o e th y lid e n e ): 31, 85 , 131.
-  , 2 - ( l-c y a n o -2 -o x o -2 -e th o x y e th y lid e n e ): 40, 85 , 131.
E th a n e th io ic  A cid , d icyano, S -e th y l e s te r ,  s a lts :  8 , 37, 95.
M e th a n e tr ic a rb o n itr i le  (T ricyanom ethane), s a lts :  2 , 5, 6 , 9 , 1 0 -28 , 76, 91 , 97-130  
P ro p a n e d in it r i le ,  a lko xy -(am in o )-tn e th y len e: 2 6 -8 , 134.
-  , a m in o -(a lky lam in o )-m eth y len e: 10, 14, 7 7 -8 0 , 1 0 3 -5 , 111.
-  , am in o -(a ry lam in o )-m eth y len e : 10 -19 , 7 7 -8 0 , 105 -13 .
-  , a lk y la m in o -(a ry la m in o )-m e th y le n e : 50, 7 7 -80 , 139 -41 .
-  , a lk y la m in o -(m e th y lth io )-m e th y le n e : 54, 136.
-  , a m in o -(a ik y lth io )-m e th y le n e : 27, 135.
-  , amiriochlorom ethyiene: 27, 133.
-  , a ry la m in o -(m e th y lth io )-m e th y le n e : 4 8 -5 0 , 137.
-  , b is -(d ia lk y la m in o )-m e th y le n e : 50, 55, 137.
-  , b is -(n ie th y !th io )-m e th y le n e : 4 8 -5 5 , 136.
-  , hydroxyim ino, s a lts :  4 , 7 , 4 5 -7 , 91, 96.
P ro p a n o n itr ile , 3 -a m in o -3~ ary lim in o -2 -h yd ro xy im in o : 45, 8 3 -4 , 128.
-  , -  , 0 -d im ethylcarb am ate: 83 , 128.
Propenamides, 3 -a lk y la m in o -3 -ary lam ino-2 -cyano: 4 8 -5 0 , 80-81 , 139 -43 .
-  , 3 -a lko xy-3 -am in o -2 -cyan o : 35, 135.
-  , 3 -am in o -3 -ary lam in o -2 -cyan o : 2 9 -3 1 , 8 0 -8 1 , 94, 114 -22 .
Propenamides, 3 -am in o -3 -ch lo ro -2 -cyan o : 35, 135.
-  , 3 -a ry la m in o -3 -m eth y lth io ’-2 -c y a n o : 4 8 -50 , 138.
-  , 2 -c y a n o -3 ,3 -b is m e th y lth io : 4 8 -9 , 136.
P ro p en eth io ic  a c id , S -e th y l e s te r , 3 -a lko xy -3 -am in c -2 -cyan o : 44, 135.
-  , -  , 3 -a m in o -3 -ch lo ro -2 -c y an o : 44, 133.
-  , -  , 3 -am in o -3 -a ry lam in o -2 -cyan o : 37, 40, 82, 1 26 -7 .
Propenoic a c id , e s te rs , 3 -a lk y la m in o -3 -a ry la m in o -2 -c y a n o : 40 , 82, 139-43 .
-  , -  , 3 -am ino-3~ary lam ino-2-cyano: 3 6 -40 , 82 , 94, 122-26 .
-  , -  , 3 -am ino -3-ch lo ro -2~cyano: 43, 133.
-  , -  , 3 -a ry la m in o -3 -m e th y lth io -2 -c y a n o : 40, 49 , 138 -9 .
-  . » ■ “ . » 2 -c y a n o -3 ,3 -b is m e th y lth io : 4 8 -9 , 136.
P y r a z o le -4 -c a r b o n it r i le ,  1 -a lk y l  or a r y l ,  3 -a cy lam in o -5 -a lk y la m in o : 6 1 -4 , 156 -60 .
-  , -  , 5 -a lky lam ino-3-phenylm ethylenam ino:
56, 154.
. -  , -  , 5 -am ino-3-a lkoxycarb onylam ino :
26, 155 -6 .
-  , -  , 3 -a m in o -5 -a lk y la m in o : 5 4 -7 , 87, 1 53 -4 .
-  , -  , 5-am ino-3-m ethylam inocarbonylam ino:
26, 156.
-  , -  , 3 -a m in o -5 -m eth y lth io : 5 1 -4 , 151 -3 .
-  , -  , 5 -a m in o -3 -m e th y lth io : 52, 151 -3 .
-  , -  , 3 ,5 -b is a cy lam in o : 6 1 -3 , 157.
-  , -  , 3 , 5 -b is -(p h en y lm eth y len am in o ): 25, 155.
-  , -  , 3 ,5 -d ia m in o : 2 2 -6 , 55, 58, 87 , 1 44 -8 .
-  , -  , 3 -p h en y lm eth y len am in o -5 -m eth y lth io : 53.
P y ra z o le -4 -c a rb o th io ic  a c id , 3 , 5 -d iam in o -1 -p h en y l0e th y le s te r :  4 1 -3 , 151. 
P yrazo le -4 -carb o xam id e , 1 -a lk y l  or a r y l ,  3 ,5 -d ia m in o : 3 3 -5 , 58, 61 , 148 -50 .
-  , -  , 3 , 5 -d iam in o -N j-a lk y l: 33 , 150.
-  , -  , 3 , S-diam ino-W -phenyl: 33 , 150.
P y ra z o le -4 -c a rb o x y lic  a c id , 3 , 5 -d iam in o -1 -m e th y l, e th y l e c te r :  4 1 -3 , 150.
-  , -  , hydrazonamide: 4 2 -3 , 155.
5 H -P y ra z o lo -( 3 , 4 -d ) -p y r im id in -4 , 6 - d i t h i ° l , 3 -am in o -1 -m eth y l, or 1 -p h en y l: 65, 170 
5H-Py r a z o lo - ( 3 , 4 -c [)-p y r im id in -4 -o n e , 1 ,6 - d ia lk y l ,  3-am ino: 63, 6 9 -7 2 , 167, 171.
-  , -  , 3 -m e th y lth io : 65, 88, 162.
-  , -  , 3 -n i t r o :  72, 170.
-  , 2 ,6 - d ia lk y l  (o r  a r y l ) ,  3 -a lk y la m in o : 59 -64 ,
6 6 -8 , 87 , 160-66 .
-  , — , 3-am ino: 5 8 -64 , 66-75
87, 89, 160-69 .
-  , -  , 3 -m e th y lth io : 65, 88,
161 -2 .
P y rim id in e , 1 ,3 ,5 -tr ia m in o -4 -c y a n o : 2 1 -2 , 114.
4 ( l <H )-Q u in a zo lin o n e , 2-cyanohydroxyim inom ethyl: 46 , 86, 131.
-  , -  , O -dim ethylcarbam ate: 47, 133.
-  , 2 ,3 -d ih y d ro , 2 -a lk y la m in o -1 -c y a n o -2 -o x o e th y lid e n e : 32, 86,
132.
-  , -  , 2 -am in o -1 -cyan o -2 -o xo eth y lid en e : 32, 86 , 132.
-  , -  , 2 -a ry la m in o -1 -c y a n o -2 -o x o e th y lid e n e : 32, 86 ,
132.
-  , -  , 1 -c ya n o -2 -e th o x y -2 -o x o e th y lid e n e : 41 , 86 , 125.
-  , -  , 1 -c y a n o -2 -o x o -2 -e th y th io e th y lid e n e : 41 , 86 , 132
-  , -  , 2-d icyanom ethyIenei 20, 86 , 132.
Tricyanom ethane: see m e th a n e tr ic a rb o n itr i le .
X I I I .  F o r m u l a  I n d e x
C HN 0
c4hn3
C4H2C1N3
C4 H3N3°
P ro p a n e d in it r i le ,  hydroxyim ino, 2-methylphenylammcnium s a l t :  45, 96
-  , -  , sodium s a lt :  45, 77 , 91.
M e th a n e tr ic a rb o n itr i le ,  | jp - ( l-a m in o -2 ,2 -d ic y a n o e th y l) -p ip e ra z in iu m :
111.
3-am inopyridin.ium  s a l t :  100. 
J\N-butylethylammonium s a l t :  97.
4-chloro-2-m ethylphenylam m onium  s a l t :  99.
5-chlaro-2-m ethylphenylam m onium  s a l t :  99. 
cyclohexylammonium s a l t :  98. 
decylammonium s a l t :  98.
2.5-dichlorophenylam m onium  s a l t :  99.
3,4-dichlorophenylam m onium  s a l t :  99. 
dipropylammonium s a l t :  97. 
dodecylguanidinium  s a l t :  98. 
N^ethylphenylammonium s a l t ,  99.
2 -e th y lp ip e r id in iu m  s a l t :  98.
1 .6-hexadiylammonium s a l t :  97 .
2-iodophenylammonium s a l t :  99 . 
morpholinium s a l t :  98. 
octadecylammonium s a l t :  98. 
phenylammonium s a lt :  99. 
p ip e rid in iu m  s a l t :  97. 
potassium s a l t :  92. 
p y rro lid in iu m  s a l t :  97 .
3-trifluorom ethylphenylam m onium  s a l t :  99. 
P ro p a n e d in it r i le ,  am inochlorom ethylene: 27, 133.
Acetamide, d icyano, 2-bromophenylammonium s a l t :  101.
-  , -  , 4-chloro-2-m ethylphenylarr.m onium  s a l t :  101.
-  , -  , 5-chldro-2-m ethylphenylam m onium  s a l t :  101.
-  , -  , 2-chlorophenylammonium s a l t :  101.
-  > -  > decylammonium s a l t :  101.
C 
CJ
Acetamide, d icyano, hexadecyltrimethylammonium s a l t :  100.
-  , -  , 2-iodophenylammonium s a l t :  101.
-  , -  , potassium s a l t :  29, 76, 92.
-  , -  , tstrabutylammonium s a lt: .  100.
C^H^CIN^O Propenamide, 3 -am in o -3 -ch lo ro -2 -cyan o : 35, 135.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5-d iam ino: 144.
CgH^N^O Acetamide, dicyano-N_-methyl, hexadecyltrimethylammonium s a l t : . 101.
-  , -  , potassium s a l t :  76, 92.
-  , -  • , p yrid in iu m  s a l t :  95.
-  , -  , triethylam m onium  s a l t :  96.
P ro p a n e d in it r i le ,  am ino-(m ethoxy)-m ethylene: 134.
CgH^N^S P ro p a n e d in it r i le ,  am in o -(m eth y lth io )-m eth y len e : 136.
CgHgN^S P y r a z n le -4 -c a r b o n it r i le ,  5 -a m in o -3 -m eth y lth io : 49, 53, 151.
C^H^Ng P y r im id in e -4 -c a rb o n itr i le ,  1 , 3 , 5 -tr ia m in o : 21, 114.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -d ia m in o -1 -m e th y l: 55, 58, 145.
CgHgNgO P yrazo le -4 -carboxam ide , 3 ,5 -d ia m in o -1 -m e th y l: 33, 63 , 148.
-  , 3 , S-diamino-J^-methyl: 150.
CgH^gN^O Pyrazo le-4-carbohydrazonam ide, 3 , 5 -d iam in o -1 -m e th y l: 43 , 155.
^6^4^3^5^ 5 H -P y ra z o lo -(3 ,4 -d )-p y r im id in -.4 -o n e , 3 -a m in o -6 -tr if lu o ro m e th y l:  160.
^6^6*^2^ E th a n e th io ic  a c id , d icyano, J3-ethyl e s te r , potassium s a l t :  93.
^6^6^2°2 A ce tic  a c id , d icyano, e th y l e s te r ,  hexadecyltrimethylammonium
s a l t :  102.
-  , , -  , p ip e rid in iu m  s a l t :  102.
-  , -  , -  , potassium s a l t :  36, 77, 93.
^6^6^2S2 P ro p a n e d in it r i le ,  b is -(m e th y lth io )-m e th y le n e : 50, 136.
CgH^ClN^OS P ro p en eth io ic  a c id , 3 -a m in o -3 -ch lo ro -2 -c y an o , S -e th y l e s te r :  44, 133,
CgHr^ Cll\l202 Propenamide, 3 -c h lo ro -2 -c y a n o -3 -e th o x y : 35, 135.
Propenoic; a c id , 3 -a m in o -3 -ch lo ro -2 -c y an o , e th y l e s te r :  43 , 133. 
CgH^NgO Acetamide, d icyan o -N .-e th y l, potassium s a l t :  94.
, dicyano-N^JM-dimethyl, potassium s a l t :  94 .
P ro p a n e d in it r i le ,  m eth y lam in o -(m eth y lth io )-m eth y len e : 50, 136.
P y ra z o lo -(3 ,4 -<d ) -p y r im id in e -4 ,6 -d i th io l ,  3 -am in o -2-m eth yl: 170.
Propenamide, 2 -c y a n o -3 ,3 -b is - (m e th y lth io ) : 33, 135.
P y r a z o le -4 -c a r b o n it r i le ,  3 -a m in o -5 -m e th y lth io -1 -m e th y l: 5 1 -2 ,
88, 151 -2 .
-  , 5 -a m in o -3 -m e th y lth io -1 -m e th y l: 52,
88, 152.
P y r a z o le -4 -c a r b o n it r i le ,  3 -am ino-5-o im ethylam ino : 153
-  , 3 -am ino-5-m ethylam in o-1 -m ethyl: 56, 153.
-  , 3 , 5 -d ia m in o -1 -e th y l:  160.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -d ia m in o -1 -(2 -h y d ro x y e th y l): 146
5Ht-P y ra z o lo - (3 ,4 -d <)-p y r im id in -4 -o n e , 1 - m e t h y l- 3 - n i t r o - 6 - t r i f lu o r o -
m ethyl: 72 , 170.
5H 4P yrazo lo -( 3 , 4 -d [)-p y rim id in -4 -o n e , 3 -m e th y lt h io -6 - t r i f lu o r o -
me-thyl: 161.
5H_-Pyrazolo-( 3 , 4 -d :)-pyr im id in -4 -o n e , 3 -m e th y la m in o -6 -tr if lu o ro -
m ethyl: 161.
M ethylbenzene, 2 -c h lo r o -4 -n i t r o : 129.
5H>-P y ra z o lo -(3 ,4 -d [) -p y r im id in -4 -o n e ) 3 -a m in o -1 -m e th y l-6 - t r i f lu o ro -
m ethyl: 72, 171.
-  , 3 -a m in o -2 -m e th y l-6 - t r i f lu o ro -
m ethyli 58, 7 2 -5 , 161.
Benzenamine, 4 -c h lo ro -3 -m e th y l: 129-
Propenoic a c id , 2 -c y a n o -3 ,3 -b is - (m e th y lth io ) - ,  m ethyl e s te r :  136. 
P r o p a n e d in it r i le ,  am ino -(2 -m ethoxyethoxy)-m ethylene: 134. 
P r o p a n e d in it r i le ,  d im e th y la m in o -(m e th y lth io )-m e th y len e : -50, 54, 136. 
P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 -ac e ty la m in o -1 -m e th y l: 6 1 -3 , 156. 
P y r a z o le -4 -c a r b o n it r i le ,  5 -am ino-3-m ethoxycarbonylam ino-1-m ethyl: 155 
P y r a z o le -4 -c a r b o n it r i le ,  3 -a m in o -5 -e th y la m in o -1 -m eth y l: 154.
-  , 3 -am ino-5-d im ethylam ino~1-m ethyl: 154.
-  , 3 ,5 -d ia m in o -1 -p ro p y l: 146.
P y ra z o le -4 -c a rb o x y lic  a c id , 3 , 5 -d iam in o -1 -m e th y l, e th y l e s te r :  42 , 15
5 H -P y ra zo lo -{ 3 ,4 -d )~ p yr im id in -4 -o n e , 3 -m e th y lth io -1 -m e th y l-
6 - t r i f lu o r o m e th y l:  88, 162.
-  , 3 -m e th y lth io -2 -m e th y l-
6 - t r i f lu o r o m e th y l:  88, 162.
5H.-Py r a z o lo - ( 3 , 4-<d )-p y r im id in -4 -o n e , 3 -m eth y lam in o -2 -m eth y l-
6 - t r i f lu o ro m e th y 1: 162.
5JH -P yrazo lo -(3 ,4~ jd )-p yrim id in -4 -o n e , 3 -am ino-2 - (2 -h y d ro x y e th y l) -
6 - t r i f lu o r o m e th y l:  162.
P ro p a n e d in it r i le ,  a m in o -( l-p y r ro lid in y l) -m e th y le n e :  103.
P r o p a n e d in it r i le ,  a m in o -(l-m o rp h o lin y l)-m e th y le n e : 79 , 1 03 -4 .
Propenoic a c id , 2 -c y a n o -3 ,3 -b is - (m e th y lth io ) , e th y l e s te r :  136.
P r o p a n e d in it r i le ,  am ino -(bu to xy)-m ethylen e: 134.
P ro p a n e d in it r i le ,  a m in o -(b u ty lth io )-m e th y le n e : 135.
P ro p a n e d in it r i le ,  a m in o -( l-p ip e ra z in y l)-m e th y le n e : 111.
P y r a z o le -4 -c a r b o n it r i le ,  5 -am in o -3 -(1 -o x o p ro p y la m in o )-1 -m e th y l: 167.
5JH-Pyrazolo-( 3 ,4 -d>)-p y r im id in -4 -o n e , 3 -am in o -6 -e th y  1 -2 -m e th y l: 167.
P y r a z o le -4 -c a r b o n it r i le ,  5 -am ino-3-ethoxycarbon ylam ino-1-m ethyl: 155.
P y r a z o le -4 -c a r b o n it r i le ,  3 ,5 -d ia m in o -1 - ( l , 1 -d io x o -3 - th io la n y l ) : 146.
P ro p en eth io ic  a c id , 3 -am in o -2 -cyan o -3 -e th o xy , S -e th y l e s te r :  44, 135.
P r o p a n e d in it r i le ,  b is -(d im e th y la m in o )-m e th y len e : 4 9 -5 0 , 55, 137.
P y r a z o le -4 -c a r b o n it r i le ,  3 -am in o -5 -p ro p y lam in o -1 -m eth y l: 154.
-  , 3 ,5 -d ia m in o -1 -b u ty l:  147, 168.
P y r a z o le -4 -c a r b o n it r i le ,  3 ,5 -d ia m in o -1 - (5 -c h lo r o -3 -n it r o -2 -
p y r id in y l ) : 147.
P ro p a n o n itr ile , 3 -a m in o -2 -h y d ro x y im in o -3 -(3 ,4 -d ic h io ro p h ’e n y l-  
im in o ): 45, 83, 128.
Acetamide, cyano-hydroxyim ino-Nt- ( 4 -n i t r o p h e n y i ) : 46 , 128.
P ro p a n o n itr ile , 3 -a m in o -2 -h y d ro x y im in o -3 -(3 -n itro p h e n y lim in o ):
45, 83, 128.
5 H -P y ra zo lo -( 3 , 4 -d J -p y r im id in -4 -o n e , 3 -d im eth y la m in o -2 -m e th y l-
6 - t r i f lu o r o m e th y l:  162.
-  , 3 -e th y lc m in o -2 -m e th y l-
6 - t r i f lu o r o m e th y l:  162.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -b is -ac e ty la m in o --1 -m e th y l: 6 1 -2 , 157. 
P ro p a n e d in it r i le ,  a m in o -(1 -p ip e r id in y l)-m e th y le n e : 104.
C H i\l S P ro p a n e d in it r i le ,  2 -m e th y lp ro p y la m in o -(m e th y lth io )-
y \ o  u
m ethylene: 54, 136.
CgH NgO- P y r a z o le -4 -c a r b o n it r i le ,  5r am in o -3~ (2 -m eth y l-1 -o x e p ro p y l-
am in o )-1 -m eth y l: 157.
5JH_—P y ra z o lo -( 3 , 4 -c [)-p y r im id in -4 -o n e , 3 -a m in o -6 - ( l , 1 -d im e th y l-
e t h y l ) : 64, 70, 166.
-  , 3 -a m in o -6 - ( l -m e th y le th y l) -
2 -m eth y l: 163.
C^Ht-B^ClN^O B en zim id azo lin e , 4 , 6 -d ib ro m o -5 -c h lo ro -2 -(2 -a m in o -1 -c y a n o -2 -
o x o e th y lid e n e ): 129.
C^rij-Cl^N^O B enzim id azo line , 4 , 5 , 6 - tr ic h lo ro -2 - (2 -a m in o -1 -c y a n o -2 -o x o -
e th y lid e n e ):  130.
C^gHgBr^lNj. P r o p a n e d in it r i le ,  a m in o -(2 -a m in o -3 ,5 -d ib ro m o -4 -c h lo ro p h e n y l-
am ino)-rnethylene: 111.
C ^H gB r2l\l^  P r o p a n e d in it r i le ,  am ino-(2 ,4-d ibrom ophenylam ino)-m ethylene: 107.
^10^6^r 2^4^ B enzim id azo line , 4 ,6 -d ib ro m o -2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y li-
d e n e ): 130.
C HLC1N 0 B enzim id azo line , 6 -c h lo ro -2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y lid e n e )-
4 -n i t r o :  1 8 -19 , 131.
C^HgCl^N^ P ro p a n e d in it r i le ,  am in o -(2 ,5 -d ich lo ro p h en y lam in o )-m eth y len e : 106.
-  , am in o -(3 ,4 -d ich lo ro p h en y lam in o )-m eth y len e : 106.
C^HgC^N^O B enzim id azo line , 5 ,6 -d ic h lo ro -2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y li-
d en e): 130.
^ 10^ 6^ 3^ 5  P ro p a n e d in it r i le ,  a m in o -(2 -a m in o -3 ,4 ,5 -tr ic h lo ro p h e n y la m in o ): 112.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -d ia m in o -1 - (2 ,4 ,6 - t r ic h lo r o p h e n y l) : 147 
^10^6^2^2 A ce tic  a c id , d icyano, phenyl e s te r , potassium s a l t :  94.
C,|gHgl\L02 4 ( l <H )-Q u in azo lin o n e , 2 -cyan o -(h yd ro xy im in o )-m eth y l: 46 , 86 , 131.
C^H^BrN^ . P ro p a n e d in it r i le ,  am ino-(2-brom ophenylam ino)-m ethylene: 107.
-  , am ino-(4-brom ophenylam ino)-m ethylene: 108.
P ro p a n e d in it r i le ,  am in o -(2 -am ino -3 ,5 -d ib rom ophenylam ino )-
m ethylene: 112.
C^gH^ClN^. P ro p a n e d in it r i le ,  am in o -(2 -ch lo ropheny lam ino )-m ethy lene: 108.
-  , am in o -(3 -ch lo ropheny lam inn )-m ethy lene: 108.
-  , am in o -(4 -ch lo ropheny lam ino)-m ethy lene: 79, 108.
C nH^Cl0N_ P r o p a n e d in it r i le ,  am in o -(2 -a m in o -4 ,5 -d ic h lo ro p h en y la m in o )-
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m ethylene: 112.
C^H^FN^ P ro p a n e d in it r i le ,  am in o -(4 -flu o ro p h en y lam in o )-m eth y len e: 108.
C gH^-IN^ P ro p a n e d in it r i le ,  am ino-(2 -iodophenylam ino)-m ethylene: 106.
- , amino-(4-iGdophenylamino)~methylene: 108.
C P ro p a n e d in it r i le ,  am in o -(2 -a m in o -3 .5 -d iio d o p h e n y la m in o )-
m ethylene: 112.
C H^N^O Acetamide, d icyan o -^ -p h en y l: 76, 95.
-  , “  , hexadecyltrimethylammonium s a l t :  102.
-  , -  , triethylam m onium  s a l t :  76, 95.
C ^H^NgOg P ro p a n e d in it r i le ,  a m in o -(3 -n itro p h en y lam in o )-m eth y len e: 108.
-  , a m in o -(4 -n itro p h en y lam in o )-m eth y len e : 109.
C<jqHqC12N^0 Propenamide, 3 -a m in o -3 -(2 ,4~ d ich lo ro p h en y lam in o j-2 -c y a n o : 115.
-  , 3 -a m in o -3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o : 80, 115,
-  , 3 -a m in o -3 -(3 ,5 -d ic h lo ro p h e n y la m in o )-2 -c y e n o : 115.
^10^8^4 P ro p a n e d in it r i le ,  am ino-(phenylam ino)-m ethylene: 106.
C^HgN^ B enzim id azo line , 2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y lid e n e ): 85 , 130.
C10^8^4°3S Benzenesulphonic a c id , 4 -[ ( l-a m in o -2 ,2 -d ic y a n o e th e n y l) -a m in o ],
potassium s a l t :  110.
^10^8^6°2 P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -d ia m in o -1 - (3 -n it ro p h e n y l) : 147.
-  , 3 ,5 -d ia m in o -1 - (4 -n it ro p h e n y l) : 148.
C^HgBrN^O Propenamide, 3 -am ino-3-(2 -brom ophenylam ino)-2 -cyano: 114.
-  , 3 -am ino-3-(4 -brom ophenylam ino)-2 -cyano: 115.
C^HgClN^O Propenamide, 3 -am irio -3 -(2 -ch lo ro p h en y lam in o )-2 -cyan o : 116.
-  , 3 -am in o -3~ (3-ch lo ro p h en y lam in o )-2 -cyan o : 116.
-  , 3 -am in o -3 -(4 -ch lo ro p h en y lam in o )-2 -cyan o : 116.
C^CjHgFN^O Propenamide, 3 -a m in o -3 -(4 -flu o ro p h e n y la m in o )-2 -c y a n o : 116.
C^gHglN^O Propenamide, 3 -am in o -3 -(2 -io d o p h en ylam in o )-2 -cyan o : 115.
-  , 3 -a m in o -3 -(4 -icd o p h en y lam in o )-2 -cyan o : 116.
^10^9^5 ‘ P ro p a n e d in itr i le ,  am ino-(2-am inophenylam ino)-m ethylene: 112.
-  , am ino-(3-am inophenylam ino)-m ethylene: 112.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -d ia m in o -1 -p h e n y l: 148.
^10^9^5°2 P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 -fu ra n y lc a rb o n y la m in o -1 -
m ethyl: 157.
5 H -P y ra zo lo -( 3 , 4-jd )-p y  r im id in -4 -o n e , 3 -a m in o -6 - (2 - fu r a n y l) -
2-m ethy.l: 163.
C Propenamide, 3 -a m in o -3 -(3 -n itro p h e n y la m in o )-2 -c y a n o : 81, 116.
1u y b o
^10^10^4^ Propenamide, 3 -am ino-3-phenylam ino-2-cyano: 116.
^10^10^4°4^ Benzensulphonic a c id , 4 - [ ( l , 3 -d iam in o -2 -c y a n o -3 -o x o -1 -
propeny l)-am ino]-po tassium  s a l t :  118.
^10^10^6^3 P yrazo le -4 -carboxam ide , 3 , 5 -d ia m in o -1 - (4 -n it ro p h e n y l) : 149.
^10^11^5^ P yrazo le -4 -carboxam ide , 3 ,5 -d iam in o -1 -p h en y l: 60, 149.
^10^12^*3^5^ 5 H -P y ra z o lo -(3 ,4 -d )-p y r im id in -4 -o n e , 3 -(2 -m e th y lp ro p y la m in o )-
6 - t r i f lu o r c m e th y l:  161.
-  , 3 -p ro p y lam in o -2 -m e th y l-
6 - t r i f lu o r o m e th y l:  162.
^10^14*^4 P ro p a n e d in it r i le ,  am in o -(l , 6 -h exad iy lam in o )-m eth y len e : 104.
-  , m e th y la m in o -(l-p ip e r id in y l)-m e th y le n e : 113.
^ 1 0 ^ 1 5 ^ 5  P y r a z o le -4 -c a r b o n it r i le ,  3 -a m in o -1 -m e th y l~ 5 - ( l -p ip e r id in y l) : 154.
^10^15^5^ P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 - (2 ,2 -d im e th y l- l-o x o p ro p y l-
am in o )-1 -m eth y l: 63, 158.
5 H -P y ra z o lo -(3 ,4 -d [)-p y r im id in -4 -o n e , 3 -a m in o ~ 6 -( l, 1 -d im e th y l-
e th y l) -1 -m e th y l:  63, 167.
-  , 3 -a m in o -6 - ( l , 1 -d im e th y l-
e th y l) -2 -m e th y l:  63, 6 6 -7 , 89, 
164, 167.
^10^16^4 P ro p a n e d in it r i le ,  am in o -(d ip ro p y lam in o )-m eth y len e: 105.
-  , am ino-(<N -e th y lb u ty lam in o )-m eth y le n e : 105,
^11^6^4^ 1JH-Q uinazolin-4-one, 2-d icyanom ethylene: 132.
C ^ H 2C1I\!^02 Benzoic a c id , 2 - [ ( l-a m in o -2 ,2 -d ic y a n o e th e n y l) -a m in o ]- .
5 -c h lo ro : 113.
IJd -Q u inazo lin -4 -one , 6 -c h lo ro -2 -(2 -a m in o -1 -c y a n o -2 -o x o -
e th y lid e n e ):  132.
^11^7^3^4 P ro p a n e d in it r i le ,  a m in o -(3 -tr iflu o ro m e th y lp h e n y la m in o )~
m ethylene: 107 .
C H0C1N S P ro p a n e d in it r i le ,  3 -c h lo ro p h en y lam in o -(m eth y lth io )-m e th y le n e : 137.
l i d  a
C11^8^4°2 IH .-Q u in azc lin -4 -o n e , 2 -(2 -a m in o -1 -c y a n o -2 -o x o e th y lid e n e ): 132.
C^HgBrN^ P ro p a n e d in it r i le ,  am ino -(4-brom o-3-m ethylphenylam ino)-
rriethylene: 109.
C HgClN4 P ro p a n e d in it r i le ,  a m in o -(2 -ch lo ro -6 -m eth y lp h en y lam in o )-
m ethylene: 109.
-  , am ino-( 3 -c h lo ro -2 -m eth y lp h e n y la m in o )-
m ethylene: 109.
-  , am in o -(4 -c h lo ro -2 -m eth y lp h e n y la m in o )-
m ethylene: 107.
-  , am in o -(5 -c h lo ro -2 -m eth y lp h e n y la m in o )-
m ethylene: 107.
-  , am in o -(j\[-m eth y l-3 -ch lo ro p h en y lam in o )-
m ethylene: 113.
-  , m ethy lam in o -(4 -ch lo ro p h en ylam in o )-
m ethylene: 139.
^11^9^3^4^ Propenamide, 3 -a m in o -3 -(3 -tr if lu o ro m e th y lp h e n y la m in o )-2 -c y a n o : 116.
C HgN S P ro p a n e d in it r i le ,  p h eny lam ino-(m ethy lth io )~m ethy lene: 137.
S l^ 9 ^ 5 S2 P y ra z o lo -( 3 , 4 -d _ )-p y r im id in -4 ,6 -d ith io l ,  3 -am in o -2 -p h en y l: 170.
Ch Hi 0C1N30S Propenamide, 3 -(4 -c h lo ro p h e n y la m in o )-2 -c y a n o -3 -m e th y lth io : 138.
^11^10C^2^4^ Propenamide, 3 -a m in o -3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o -
N^methyl: 119.
^11^10^4 P r o p a n e d in it r i le ,  am ino -(2 -m ethylphenylam ino)-m ethylene: 105.
-  , am ino -(4 -m ethylphenylam ino)-m ethylen8: 109.
-  , am ino-(jM -m ethylphenylam ino)-m ethyl3ne: 109.
-  , m ethylam ino-(phenylam ino)-m ethylene: 140.
^11^10^4^ B enzim id azo line , 2 -( l-c y a n o -2 -m e th y la m in o -2 -o x o e th y lid e n e ):
32, 85, 130.
P r o p a n e d in it r i le ,  am ino-(2-m ethoxyphenylam ino)-m ethylene: 109.
-  , am ino-(3-m ethoxyphenylam ino)-m ethylene: 109.
-  , am ino-(4-m ethoxyphenylam ino)-m ethylene: 110.
C n H n B r^ O  Propenamide, 3 -am in o -3 -(4 -b ro m o -3 -m eth y lp h en y lam in o )-2 -cyan o : 117.
-  , 3 -am ino-3-(4 -brom ophenylam ino)-2 -cyano-N i-m e th y l: 118.
Propenamide
Propenamide
Propenamide
Propenamide
Propenamide
Propenamide
Propenamide
3 -a m in o -3 -(3 -c h lo ro -2 -m eth y lp h e n y la m in o )-2 -c y an o : 117
3 -a m in o -3 -(4 -c h lo ro -2 -m o th y lp h en y lam in o )-2 -cy a n o : 115
3-am in o -3 - (4 -ch lo ro -3 -m eth y lp h en y lam in o )-2~ cyan o : 117
3 -a m in o -3 -(3 -ch lo ro p h en y lam in o )-2 -cyan o -N r m ethyl: 119
3-am ino-3-(4 -ch lorophenylam ino)-2-cyano-J \}<-m e th y l: 119
3 -m eth y lam in o -3 -(4 -ch lo ro p h en y lam in o )-2 -cyan o : 140.
3 -a m in o -3 - (4 -f lu o r  op heny lamino )-2-cyano-J\[-me thy 1: 119
3 -am ino-3-(4 -iodopheny lamino )-2-c ,yano->N -m ethyl: 119.
3 -p h e n y la m in o -2 -c ya n o -3 -m e th y lth io : 138.
3 -a m in o -3 -(3 -n itro p h e n y la m in o )-2 -c y an o -jM -m e th y i:
8 1 , 119.
3 -am in o -3 - (4 -n itro p h en y lam in o  ) -2 -c y  ano-N^-methyl: 119. 
3 -am in o -3 -(4 -m eth y lp h en y lam in o )-2 -cyan o : 117. 
3-am ino-3-phenylam ino-2-cyano-N i-m 9 th y l: 119. 
3-m ethylam ino-3-phenylam ino-2-cyano: 140. 
3-am ino-3-(2 -m ethoxyphenylam ino)-2-cyano: 117.
Benzenesulphonic a c id , 4 -[(l-a m in o -3 -m e th y la m ir io -2 -c y a n o -3 -
o xo -1 -p ro p en y l)-am in o ]-p o tass iu m  s a l t :  120.
P yrazo le -4 -carboxam ide , 3, S -d iam ino-l-m ethyl-JM -phenyl: 150.
P y r a z o ie -4 -c a r b o n it r i le ,  5 -a c e ty la m in o -3 -d ia c e ty la m in o -1 ~  •
m ethyl: 6 1 -2 , 157.
P y r a z o le -4 -c a r b o n it r i le ,  3 -(2 ,2 -d im e th y l-1 -o x o p ro p y la m in o )-
5 -m e th y lth io -1 -m e th y l: 158.
5_H—P y ra z o lo -( 3 , 4 -d _ )-p y rim id in -4 -o n e , 6 - ( l , 1 -d im e th y le th y l) -
3 -m e th y lth io -2 -m e th y l:  164.
Propenoic a c id , 3 -a m in o -2 -c y a n o -3 - ( l -p ip e r id in y l)» e th y l  
e s te r: 36, 82, 122.
P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 -(2 , 2 -d im e th y l-1 -o x o p ro p y l-
a m in o )-1 -e th y l:  160.
-  , 5 -a m in o -3 -(2 -m e th y l-1 -o x o p ro p y la m in o )-
1 -p ro p y l: 157.
-  , 5 -m e th y la m in o -3 -(2 ,2 -d im e th y l-1 -o x o -
p ro p y lam in o )-1 -m eth y l: 158.
5H-Py r a z o lo - ( 3 , 4 -<d )-p y r im id in -4 -o n e , 3-am ino--2-ethy1 -6 -
( 1 , 1 -d im e th y le th y l) : 164.
-  , 3-amino- 6 - (1 -m e th y l-
G th y l)*-2 -p ro p y l: 164.
-  , 3 -m e th y la m in o -6 -( l,1 -
d im e th y le th y l)-2 -m e th y l:  164.
C11^17*^*5^2 5H>-P y r a z o lo - (3 ,4 - id )-p y r im id in -4 -o n e , 3 -a m in o -2 -(2 -h y d ro x y e th y l) -
6—( 1 , 1 -d im a th y le th y l) : 67, 165.
C^H^NgOgS S u lphuric  a c id , m o n o -2 ~ [3 -a m in o -6 -(l, 1 -d im e th y le th y l) -4 -o x o -
5JH-py ra z o lo -  ( 3 , 4-d>) - p y r im id in -2 -y l ] -e th y l  
e s te r : 68, 171.
^12^8^3^5° 5 JH -P yra zo lo -(3 ,4 -jd )-p y rim id in -4 -o n e , 3 -am in o -2 -p h en y l~6 -
t r i f lu o r o m e th y l: 163.
^12^10^^2^2^2^ Pro Pen° i c a c id , 3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o -3 -m e th y l-
th io ,  m ethyl e s te r :  138.
^12^10^4^2 1H .-Q uinazo lin -4 -one, 2 -( l-c y a n o -2 -m e th y la m in o -2 -o x o e th y lid e n e ): 132.
^12^11^r ^2^2^ Propenoic a c id , 3 -(4 -b ro m o p h en y lam in o )-2 -cyan o -3 -m eth y lth io ,
m ethyl e s te r : 138.
^12^11^^^2^2^ Propenoic a c id , 3 -(3 -c h lo ro p h e n y la m in o )-2 -c y a n o -3 -m e th y lth io ,
• m ethyl e s te r : 138.
-  , 3 -(4 -c h lo ro p h e n y la m in o )-2 -c y a n o -3 -m e th y lth io ,
m ethyl e s te r :  138.
C^H^CIN^, P ro p a n e d in it r i le ,  d im eth ylam in o -(4 -ch lo ro p h en ylam in o )-m eth y len e : 14
-  , e th y lam in o -(4 -ch lo ro p h en y lam in o )-m eth y len e : 140.
^ 12^ 11^ 2*^ 3^  P ro p en eth io ic  a c id , 3 -a m in o -3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -
cyano, S -e th y l e s te r : 126.
^12^11*"^2*^3^2 Pro Pen° i c a c id , 3 -a m in o -3~ (3 ,4 -d ic h lo ro p h en y lam in o )-2 -cy a n o ,
e th y l e s te r : 123.
tVUoxy
^12*^11*^3^2 B enzim id azo line , 2 -( l-c y a n o -2 -o x o -2 -^ e th y lid e n e ): 40, 131.
^12^*11 P y r a z o le -4 -c a r b o n it r i le ,  5 -am in o -3-b en zo ylam in o -1-m eth yl: 158.
5<H -P y ra z o lo -(3 ,4 -d )-p y r im id in ~ 4 -o n e , 3-am ino-2-m ethy 1 -6 -p h e n y l:  165
-  , 3 -a m in o -6 -m e th y l-2 -p h e n y l:
60, 169.
^12^11*^5^2 P y r a z o le -4 -c a r b o n it r i le ,  5 -am ino-3-m ethoxycarbcnylam ino-1-
phenyl: 156.
C12^12^r *^3°^ P ro p en eth io ic  a c id , 3 -am ino-3-(4 -brom ophenylam ino)-2 -cyano ,
S^-ethyl e s te r : 126.
C ^ B r ^  Propenoic. a c id , 3-am ino-3-(4-brom ophenylam ino)-2--cyano,
e th y l e s te r : 123.
-  , 3 -m ethy lam ino -3 -(4 -b rom oph6nylam inc)-2 -
cyano, m ethyl e s te r :  140.
C1 2 H1 2 CIN 3 OS P ro p en eth io ic  a c id , 3 -am in o -3~ (3 -ch lo ro p h en y lam in o )-2 -
cyano, e th y l e s te r : 126.
-  , 3 -a m in o -3 -(4 -c h lo ro p h en y lam in o )-2 “
cyano, e th y l e s te r : 126.
^ 1 2 *-*1 2 *^*\*3 ^ 2  Propenoic a c id , 3 -a m in o -3 -(3 -c h lo ro p h en y lam in c )-2 -c y an o ,
e th y l e s te r : 123.
-  , 3 -m e th y la m in o -3 -(3 -c h lo ro p h e h y la m in o )-2 -
cyano, m ethyl e s te r :  141.
-  , 3 -m e th y la m in o -3 -(4 -c h lo ro p h e n y la m in o )-2 -
cyano, methyl e s te r : 141.
*^12*"*12^3^2 Propenoic a c id , 3 -a m in o -3 -(4 -flu o ro p h e n y la m in o )-2 -c y a n o ,
e th y l e s te r : 123.
^ 1 2 ^ 1 2 *^ 3 ^  P ro p en eth io ic  a c id , 3 -am in o -3-(4 -iodophenylam ino)-2 --cyano ,
.S -e th y l e s te r : 126.
^12^12^2°2^ Propenoic a c id , 3 -p h e n y la m in o -2 -c ya n o -3 -m e th y lth io ,
m ethyl e s te r : 139.
^ 1 2 ^ 1 2 * ^ 4  P ro p a n e d in it r i le ,  am in o -(3 ,5 -d im eth y lp h en y lam in o )-m eth y len e : 110,
-  , am ino-(j\[-ethylphenylam ino)--m ethylene: 107.
-  , d im ethylam ino-(phenylam ino)-m ethylene: 141.
, e thy lam in o -(p h en y lam in o )-m eth ylen e: 141.
^12^12*^4^3^ P ro p en eth io ic  a c id , 3 -a m in o -3 -(3 -n itro p h e n y la m in o )-2 -c y a n o ,
_S-ethyl e s te r : 127.
^12^12*^4^4 Propenoic a c id , 3 -a m in o -3 -(3 -n itro p h a n y la m in o )- 2 ~cyano, .
e th y l e s te r : 123.
-  , 3 -a m in o -3 -(4 -n itro p h e n y la m in o )-2 -c y a n o ,
e th y l e s te r : 123.
C i 2 H i2 ^ 6 *^  Pyr a z o le -4 -c a r b o n it r i le ,  5-am ino-3-m ethylam inocarbonylam ino-
1 -p h en yl: 156.
^12^12*^6^4 P ro p a n o n itr ile , 3 -am ino-2-d im ethylam inocarbonyloxyim ino-
3 - (3 -n itro p h e n y lim in o ): 45, 128.
^12^12^8 P r o p a n e d in it r i le ,  a m in o [4 -(l-a m in o -2 ,2 -d ic y a n o e th e n y l) -1 -
p ip e ra z in y l]-m e th y le n e : 1 1 1 .
^12^13^r ^4^ Propenamide, 3 -am in o -3 -(4 -b ro m o -3 -m eth y lp h en y lam in o )-2 -
cyano-J\[-methyl: 119.
C H .-C IN .O  Propenamide, 3 -am ino-3-(3-ch lorophenylam ino)-2-cyano-JM -
e th y l:  1 2 0 .
-  , 3 -d im eth y la m in o -3 -(4 -c h lo ro p h e n y la m in o )-2 -
cyano: 141.
C H„ (\! OS Propenamide, 3 -(4 -m e th y lp h e n y la m in o )-2 -c y a n o -3 -m e th y lth io : 138.
1 4  I J  J
P ropen eth io ic  a c id , 3 -am ino-3-phenylam ino-2-cyano , S -e th y l
e s te r : 83, 127.
^ 1 2 ^ 1 3 ^ 3 ^ 2  Propenoic a c id , 3-am ino-3-phenylam ino-2-cyano , e th y l
e s te r : 82, 124.
-  , 3 -m ethylam ino-3-phenylam ino-2-cyano ,
m ethyl e s te r : 141.
C1 2 H1 3 N3 O5 S Benzenesulphonic a c id , 4 - [ ( l-a m in o -2 -c y a n o -3 -o x o -3 -e th o x y -
1 -p ro p e n y l)-a rn in o ], potassium s a l t :  125.
^12^13^5 P ro p a n e d in it r i le ,  am in o -(2 -am in o -4 ,5 -d im eth y lp h en y lam in o )-
m ethylene: 1 1 2 .
C1 2 H1 4 F3 N5 O 5J1-Py r a z o lo - ( 3 , 4 -jd )-p y r im id in -4 -o n e , 2 - m e t h y l - 3 - ( l - p ip e r i -
d in y l ) - 6 - t r i f lu o r o m e th y l:  163.
C H ^N^O Propenamide, 3 -a m in o -3 -(2 ,5 -d im e th y lp h e n y la m in o )-2 -c y a n o : 117.
3 -a m in o -3 -(2 -e th y lp h e n y lam in o )-2 -cy a n o : 117.
3 -am in o -3 -(3 -m eth y lp h en y lam irio )-2 -cyan o -iN -m ethyl: 120,
3 -am in o -3 -(4 -m eth y lp h en y lam in o )-2“ Cyano-J^-methyl: 120,
3 -am ino-3-phenylam ino-2-cyano-<N,<N -d im eth y l: 94.
3 -d im ethylam ino-3-phenylam ino-2-cyano: 141.
3 -e th y lam ino -3 -pheny lam ino -2 -cyano: 142.
3 -m eth y lam in o -3 -(4 -m eth y lp h en y lam in o )-2 -cyan o : 141.
C1 2 H1 4 N4 OS P ro p en eth io ic  a c id , 3 -am in o -3 -(2 -am in o p h en y lam in o )-2 -cyan o ,
S^-ethyl e s te r :  40, 127.
P y ra z o le -4 -c a rb o th io ic  a c id , 3 , 5 -d iam in o -1 -p h e n y l, J3-ethyl
e s te r : 42, 151.
Propenamide, 3 -am ino-3-(4 -m ethoxyphenylam ino)-2-cyano- 
JN-methyl:^ 1 2 0 .
5 H -P y ra zo lo -( 3 , 4 -<d )-p y r im id in -4 -o n e , 3 -a c e ty la m in o -6 -( 1 , 1 -
d im e th y le th y l)-3 -m e th y l:
67, 171.
P r o p a n e d in it r i le ,  a m in o -(o c ty lo xy )-m eth y len e : 134.
P y r a z o le -4 -c a r b o n it r i le ,  5 -d im e th y la m in o ~ 3 -(2 , 2 -d im e th y l-
1-o xo p ro p y lam in o )-1 -m eth y l: 159.
. -  , 5 -e th y la m in c -3 - (2 ,2 -d im e th y l-1 -
oxopropylam inoj-1 -m e th y l:  159.
5H>-P y r a z o lo - (3 ,4 -<d )-p y r im id in -4 -o n e , 3 -a m in o -6 - ( l , 1 -d im e th y l-
e th y l) -2 -p r o p y l:  165.
-  , 3 -d im e th y la m in o -6 -( l , 1 -d im eth -
y le th y l) -2 -m e t 'n y l:  165.
-  , 3 -e th y la m in o -6 - ( l , 1 -d im e th y l-
e th y l) -2 -m e th y l:  165.
5H_-Pyrazolo-( 3 , 4 -d J -p y r im id in -4 -o n e , 3 -b is -m eth an esu lp h o n y i-
am ino-6 - ( l , 1 -d im e th y l-  
e th y l) -2 -m e th y l:  67, 172.
P y ra z o le -4 -c a rb o x y lic  a c id , 5 -a m in o -3 -(2 ,2 -d im e th y l-1 -o x o -
p ro p y lam in o )- 1 -m e th y l, e th y l  
e s te r : 43, 158;
1_H-Q uinazolin-4-one, 2 - (1 -c y a n o -2 -e th y lth io -2 -o x o e th y lid e n e ): 132.
1JH-Q uinazolin-4-one, 2 - ( l-c y a n o -2 -o x o -2 -e th o x y e th y lid e n e ): 41 , 125.
5H _-P yrazo lo -(3 ,4 -d _)-p yrim id in -4 -o n e , 3 -a c e ty la m in o -2 -p h e n y l: 169.
1H_-Quinazolin-4-one, 2 -[cyan o -(D im eth ylam in o carb o n y lo xy-
im in o )-m e th y l]:  47, 8 6 , 133.
SiPropenoic a c id , 3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n o -3 -
m e th y lth io , e th y l e s te r: 139.
Benzaldehyde, m e th y l- (2 ,2 -d ic y a n o -1 -m e th y lth io e th e n y l) -  
hydrazone: 51, 53, 143.
P y r a z o le -4 -c a r b o n it r i le ,  3 -p h en y lm eth y len am in o -5 -m eth y lth io -
1 -m ethy l: 53, 153.
Propenoic a c id , 3 -a m in o -3 -(N -m e th y l-3 ,5 -d ic h lo ro p h e n y la m in o )-
2-cyano, e th y l e s te r :  39, 48 , 82 , 125.
-  , 3 -m e th y la m in o -3 -(3 ,5 -d ic h lo ro p h e n y la m in o )-
2-cyano, e th y l e s te r :  39, 82 , 142.
Benzoic a c id , 2 -[( l-a m in o -2 -c y a n o -3 -o x o -3 -e th o x y -1 -p ro p e n y l)-  
am ino]: 41, 125.
Benzaldehyde, m e th y l-(l~ m 9 th y la m in o - 2 ,2 -d ic y a n o e th e n y l)-  
hydrazone: 56, 143.
P y r a z o le -4 -c a r b o n it r i le ,  5-m ethylam ino-3-phenylm ethylenam ino-
1-m ethy l: 56, 154.
Propenoic a c id , 3 -am in o -3-(4 -b ro m o -3 -m eth y lp h en y lam in o )-
2 -cyan o , e th y l e s te r : 124.
-  , 3 -d im ethylam ino-3-(4 -brom ophenylam ino)~2-
cyano, m ethyl e s te r : 142.
-  , 3 -e th y lam in o -3 -(4 -b ro m o p h en y lam in o )-2 -
cyano, m ethyl e s te r : 142.
Propenoic a c id , 3 -e th y la m in o -3 -(3 -c h lo ro p h e n y la m in o )-2 -  
cyano, m ethyl e s te r : 142.
-  , 3 -e th y la m in o -3 -(4 -c h lo ro p h e n y la m in o )-2 -
cyano, m ethyl e s te r : 142.
Propenoic a c id , 3 -(3 -m e th y lp h e n y la m in o )-2 -c y a n o -3 -m e th y l- 
. . .th io ,‘ m ethyl e s te r : 139.
-  , 3 -(4 -m eth y lp h en y lam in o )~ 2 -cyan o -3 -m eth y l-
th io ,  m ethyl e s te r : 139.
-  , 3 -p h en y lam in o -2 -cyan o -3 -m eth y lth io ,
e th y l e s te r : 139.
P ro p a n e d in it r i le ,  am ino-[ 2 - (methy1 e th y l)-p h e n y la m in o ] -
m ethylene: 1 1 0 .
Propenamide, 3 -a m in o -2 -c y a n o -3 - ( l ,2 ,3 ,4 - te tra h y d ro q u in o lin -
1 - y l ) :  117. •
Propenoic a c id , 3 -a m in o -3 -(iN -m e th y l-3 -n itro p h e n y la m in o )-
2-cyano, e th y l e s te r : 39, 48, 126.
P ropen eth io ic  ac id ,. 3 -a m in o -3 -(3 -m eth y lp h e n y lam in o )-2 -
cyano, jS -e th y l e s te r : 127.
-  , 3 -a m in o -3 -(4 -m eth y lp h e n y lam in o )-2 -
cyano, S -e th y l e s te r : 127.
Propenoic a c id , 3 -am in o -3 -(3 -m eth y lp h en y lam in o )-2 -cyan o , 
e th y l e s te r : 124.
-  , 3 -am in o -3 -(4 -m eth y lp h en y lam in o )-2 -cyan o ,
e th y l e s te r :  124.
Propenoic a c id , 3 -m eth y lam in o -3 -(3 -m eth y lp h en y lam in o )-2 - 
c y a n o m e t h y l  e s te r : 142.
-  , 3 -m eth y lam in o -3 -(4 -m eth y lp h en y lam in o )-2 -
cyano, methyl e s te r : 142.
^13^15*^3°2^ P ro p en eth io ic  a c id , 3 -am ino-3-(2 -rnethoxyphenylam ino)-2-
cyano, !5 -ethyl e s te r : 127.
~ , 3 -am ino -3-(4 -m ethoxypheny lam ino)-2 -
cyano, S -e th y l e s te r : 127.
C1 3 H1 5 N3 O3  Propenoic a c id , 3 -am ino-3-(2 -m ethoxyphenylam ino)-2-cyano ,
e th y l e s te r : 124.
-  , 3 -am ino-3-(4 -m ethoxypheny lam ino )-2 -cyano ,
e th y l e s te r : 124.
^13^16^4^ Propenamide, 3 -am in o -3-(2 -e th y lp h en y lam in o )-2 -cyan o -JN -m eth y l: 120.
-  , 3 -a m in o -3 -[2 -(m e th y le th y l)-p h e n y la m in o ]-2 -c y a n o : 118.
-  , 3 -e thy lam ino -3~ (4 -m ethy l-phen ylam ino )-2 -cyano: 143.
^13^21^5^ P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 -(2 ,2 -d im e th y 1 -1 -o x o p ro p y l-
a m in o )- 1 -b u ty l :  168.
-  , 3 -(2 ,2 -d im e th y l-1 -o x o p ro p y la m in o )-
5 -p ro p y lam in o -1 -m eth y l: 159.
5<H -P y ra zo lo -(3 ,4 -d _ )-p y r im id in -4 -o n e , 3 -a m in o -2 -b u ty l-6 -
( 1 , 1 -d im e th y le th y l ) : 168.
-  , 3 -p ro p y la m in o -6 - ( l ,1 -
d im e th y le th y l) - 2 -m e th y l: 166.
C ^H  gClgN.OgS Carbamic a c id , fJ- [2 - [ ( l-a m in o -2 ,2 -d ic y a n o e th e n y l) -a m in o ]-
4 ,5 -d ic h lo ro p h e n y l]-am in o th io x o m e th y l , 
e th y l e s te r : 113.
^14^15^*5 Benzaldehyde, m e th y l-(l-d im e th y la m in o - 2 , 2 -d ic y a n o e th e n y l) -
hydrazone, 144.
-  , m e th y l- ( l-e th y la m in o - 2 , 2 -d ic y a n o e th e n y l) -
hydrazone: 144.
^14^16*^4^2 P ro p a n e d in it r i le ,  am in o -( 2 ,5 -d ie th o xyp h en y lam in o )-m eth y len e : 110.
^14^17*^3^2 Propenoic a c id , 3 -a m in o -3 -(2 -e th y lp h e n y la m in o )- 2 -cyan o ,
e th y l e s te r : 124.
-  , 3 -e th y la m in o -3 -(3 -m e th y lp h e n y la m in o )-2 -
cyano, m ethyl e s te r : 143.
-  , 3 -e th y la m in o -3 -(4 -m e th y lp h e n y la m in o )-2 -
cyano, m ethyl e s te r : 143.
P y r a z o le -4 -c a r b o n it r i le ,  5 -a m in o -3 -(2 ,2 -d im e th y l-1 -o x o -
p ro p y la m in o )-1 -(1 -o x o p ro p y l): 64, 160.
P ro p a n e d in it r i le ,  3 -am in o -3 -(d ecy lam in o )-m eth y len e : 103.
Benzaldehyde, m e th y l- ( l-p ro p y la m in o -2 ,2 -d ic y a n o e th e n y l)-  
hydrazone: 144
5 H -P y ra zo lo -( 3 , 4 -<d )-p y r im id in -4 -o n e , 3 -a m in o -6 -( 1 , 1 -d im e th y l-
e th y l) -2 -p h e n y l:  60. 169.
P y r a z o le -4 -c a r b o n it r i le ,  3 - (2 ,2 -d im e th y le th y l)~ 1 -m e th y l-5 -
( 1 - p ip e r id in y l ) : 159.
5H_-Pyrazolo-( 3 , 4 -<d )-p y r im id in -4 -o n e , 6 - ( l , 1 -d im e th y le th y l) -
2 -m e th y l-3 - (  1 -p ip e r . id in y l) : 166
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 - b is ( 2 , 2 -d im e th y l- 1 -o x o p ru p y l-
am in o )- 1 -m e th y l: 63, 159.
Propenamide, 3 -a m in o -3 -(3 ,4 -d ic h lo ro p h e n y la m in o )-2 -c y a n a -  
fi^phenyl: 1 2 1 .
B enzim id azo line , 2 -(2 -p h e n y la m in o -1 -c y a n o -2 -o x o e th y lid e n e ):
32, 131.
P ro p a n e d in it r i le ,  am ino-(3-phenoxyphenylam ino)-m ethylene: 1 1 0 .
Propenamide, 3-am ino-(4-brom ophenylam ino)-2-cyano-<N -phenyl: 121.
Propenamide, 3 -am in o -(3 -ch lo ro p h en y lam in o )-2 -cyan o -N - p h e n y l: 121.
-  , 3 -am in o -(4 -ch lo ro p h en y lam in o )-2 -cyan o ->N -phenyl: 121.
Propenamide, 3 -a m in o -(4 -f  luoropheny lamino )-2~cyano-j\[-phenyl: 121.
Propenoic a c id , 3 -am ino-3-phenylam ino-2-cyano , phenyl e s te r :
38, 94.
Propenamide, 3 -am ino -(3 -n itropheny lam ino )-2 -cyano-J \!>-p h e n y l: 122.
-  , 3 -am in o -(4 -n itro p h en y lam in o )-2 -cyan a-JN -p h en y li 1 2 2 .
Propenamide, 3-am ino-3-phenylam ino-2-cyano-N_-phenyl: 122.
IH .-Q u in azo lin -4 -o n e , 2 - ( 2 -p h en y lam in o - 1 -c y a n o - 2 -o x o e th y lid e n e ) :  132.
Propenamide, 3 -a m in o -3 -( 3-m fethylphenylam ino)-2 -cyano-_N-pheny1: 122.
Propenamide, 3-am ino-3-(4-m ethoxyphenylam ino)-2-cyano-N _- 
phenyl: 1 2 2 .
Benzaldehyde, m e th y l- ( 2 ,2 -d ic y a n o -1 -p ip e r id in -1 -y l -e th e n y l) -  
hydrazone: 144.
P y r a z o le -4 -c a r b o n it r i le ,  3-phenylm ethyl8nam ino-1-m ethyl~5-
( 1 - p ip e r id in y l ) : 154.
5H>-P yrazo lo ^ (3 ,4~_d )--p y rim id in -4 -o n e , 6 ~ (1 , 1 -d im e th y le th y l) -
3-phenylm ethylenam ino-
2-m a th y l: 67, 172.
P y r a z o le -4 -c a r b o n it r i le ,  3 , 5 -b is-phenylm ethylenam ino: 155.
Propanamide, 3 -a m in o -3 -(2 -e th y lphenylam5.no )-2-cyano-JM- 
phenyl: 122.
5 H -P y ra zo lo -( 3 , 4 -jd )-p y r im id in -4 -o n e , 3 - ( 2 , 2 -d im e th y l-1 -
oxopropylam ino)-6- ( l , 1-  
d im e th y le th y l)-2 -p h e n y l  
60; 169.
P r o p a n e d in it r i le ,  am ino -(octadecylam ino)-m ethylene: 103.
